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“Tenonens engineered wire 







6 GOOD REASONS 
WHY BELDSOL LOWERS WINDING COSTS 
with improved quality 
both fine and heavy sizes 
1 Rapid Solderability (2-5 Seconds at 750F). 
2 Extremely Tough Film Coating. 
3 Outstanding Windability. 
4 High Voltage Breakdown. 
5 Excellent Continuity of Insulation (Mercury Test). 
6 High Insulation Resistance. 













WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 







Magnet Wire « Lead Wire « Power Supply Cords, Cord Sets and Portable Cord « Aircraft Wires 
Welding Cable « Electrical Household Cords « Electronic Wires * Automotive Wire and Cable 


Circle 101 on page 17 











Unfailing performance day in, day out! That’s the task of a 
deep-well pump whose labor is to lift tons of life-giving water 
from deep beneath the ground. And because they work in 


remote and arid country, service needs must be few and far 
OUT OF SIGHT= between. That’s why leading deep-well pump manufacturers 
depend on New Departure ball bearings. 
OUT OF MIND For deep-well pump bearings must resist heavy thrust loads 
‘ while keeping vital parts operating smoothly and dependably 
= BUT NEVER in order that livestock and crops receive adequate water sup- 


ply without fail. 
OUT OF Call New Departure for help with a bearing problem which 


calls for complete dependability with minimum service. 
SERVICE! 
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DiViSton OF GENERAL /MOTORS, BRISTOL, CONN. 


NOTHING ROLLS L/KE A BALL 





Circle 104 on page 17 















BODINE 
Announces 


ANEW 


MOTOR 


Type FSE-23 for intermittent duty applications 
such as adding machines, calculators, check 
protectors, check signers and actuators 


It's small, only 2%6" high... it’s light, only 1 pound, 11 ounces 
rectangular in shape, fits into minimum space 


its 


and it packs plenty of power 


The FSE-23 is definitely a Bodine-quality motor yet it's 
economically priced because it has been designed and engineered for 


economical, high volume production 
Here's a 33-second thumbnail story of the new Bodine FSE-23 motor 


series wound improved armature and field 
self-ventilated Jesign for high starting and 


ae accelerating torques 

1/40 horsepower Te 

5000 rpm nominal speed 
000 rpm sisi ijynamically balanced armatures for 
single direction rotation reduced motor vibration and noise 
(clock or counter-clock) 


115 volts, 60/DC motor shaft extension 


two part aluminum die-cast housing by ‘%e" long with .020 flat 


the power behind the /eading products CG ei 





BODINE Beret 
fi Sz *\ JUST PUBLISHED! for the complete story of 
aa, sh eee ae ESR caches sak Has coer coy oil 


bulletin No. 1034 


MOTORS 


BODINE ELECTRIC CO.. 2256 W. Ohio St., Chicago 12 
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Circle 105 on page 17 
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Robbins & Myers 





build motors from 
1/200 to 200 horsepower 


MYLAR* INSULATION INCREASES 
MOTOR LIFE... insures positive 
insulation. Rag paper backing provides 
cushioning effect against abrasions and 
punctures. Entire motor winding is pre- 
heated, twice dipped in varnish and 
boked after each dip. 


*DuPont registered trademark 





BEARINGS POSITIVELY SEALED 
Double row width ball bearings, sealed 
on both sides, eliminate frequent re-lubri- 
cation, Grease sealed in extra-large reser- 
voirs, resists dust, temperature, humidity 
and high operating speeds. 


ELECTRICAL MANUFACTURING 


“shining example’”’ shows how... 


: Ret 
~~ FAN COOLED MOTORS BEAT 
CORROSIVE ATMOSPHERES 


Udylite Corporation’s famed Automatic Plating parts .. . spraying of rotor and shaft with special 


Machines put a shine on everything from sew- rust-inhibitor . . . application of anti-corrosion 
ing machine parts to automobile bumpers. R&M primer to cast-iron end-heads and terminal box. 
Totally Enclosed Fan Cooled Motors power the A cast aluminum fan provides effective cooling 
hydraulic system of these precision machines by forcing air between enclosed internal and 
quietly, smoothly and without vibration. But open external shells over motor’s entire length. 
most important they successfully combat the Other important features contributing to long- 
severe corrosive atmosphere common to all plat- life protection and vigorous performance are 
ing operations. R&M Motors are completely described at left, below. 


protected against this serious motor menace. Robbins & Myers Totally Enclosed Motors 


Complete R&M motor protection includes range from 42 to 125 hp. Write today for 
careful dipping, baking and painting of all steel Bulletin 500 EM. 


ROBBING 


SPRINGFIELD, OHIO 


MYERS, We. 


BRANTFORD, ONTARIO 
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OPEN PROTECTED MOTORS 


R&M open protected motors to 200 horse- 


power ore suitable for many applications 
formerly requiring totally enclosed con- 
struction. Investigate this economical pos- 
sibility for your application. Write for 
free Bulletin 520. 


MAY 1958 Circle 106 on page 17 e 











Materials, Mechanical Structural Your Classification 
Metals 


Materials, Electrical Electronic 
Conductor Materials 


Structural and Electrical Applications 
of Aluminum in Europe 


\ survey evaluating and illustrating European 


£ engineering 
exnerience 


with aluminum in research, development and manu 
facturing of electrically energized equipment. Material is based 
yn papers presented at a symposium sponsored by the British 
Aluminium Development Association in London during May, 
1957 


Staff Re port 


Electrical Manufacturing 1958 May p 76 10 pp 


Materials, Electrical / Electronic 
Electrical Insulation and Dielectrics 

Production and Assembly Techniques 
Embedded Circuits and Components 


Your Classification 


Plastics and Ceramic Foams 
for Electronic Applications 


Combination of light weight and excellent dielectric properties 
has opened up an increasing area of application for plastics 
and ceramic foam materials in electronic equipment design. 
Various types of foams are discussed and application methods 
are described. Property data are included for typical com 
pounds. Selected case histories are illustrated 


William R. Cuming, Emerson & Cuming, Inc., Canton, Massa- 


chusetts 


Electrical Manufacturing 1958 May p 100 7 pp 


Components, Electrical Electronic 
Magnetic Components 
Control 
Systems & Servos 


Your Classification 


Magnetic Pulse Generators 


Pulse generators using saturable reactors as switches over 


me power limitations of thyratrons in radar applications 
e general circuit principles and pulse forming network de 
ie g } I ! 


sign discussed here apply to pulse generating systems for 
other applications 

J. E. Sunderlin and M. L. Weinberg, Air Arm D Westing 
house Electric Corp., Baltimore, Md 


Electrical Manufacturing 1958 May p 139 5 pp 


aan,| 


in This issue 


Materials, Electrical Electronic 
Magnetic Materials 

Instruments and Test Equipment 
Design 

Testing 
Materials 


Your Classification 


R-F Permeameter Techniques 
for Testing Ferrite Cores 


Equipment, equations and typical results for testu 


toroida 
samples of commercially available ferromagnetic materials; 
complex initial permeability measurements over frequency 
range 20 ke to 50 me, temperature dependence of r-f per 
meability measurements from room temperature to over 275 ¢ 


and reversible permeability measurements 
biasing fields up to 12 oersteds 


with parallel d 


A. L. Rasmussen and A. E. Hess, National Bure 


Th Star 

ards, Boulder, Colo. 

Electrical Manufacturing 1958 May p 86 6 pp 

Basic Science and Engineering Your Classification 
Mathematics 


Basic Statistics for the 
Design Engineer 


An introduction to the mathematical science of statistics 
Practical examples illustrate applications of this basic tool ir 
solutions of design engineering problems, particularly in the 
design of experiments, analysis of data, quality 
operations research and life testing programs. Thes 
a few of the areas where this mathematical science 
am increasingly important place in the 
know 7 


control, 
are but 


Is earning 
engineer's “need to 


James L. Jenkins, The Johns Hopkins University, Chevy Chase, 
Md 


Electrical Manufacturing 1958 May p 105 20 pp 


Components, Electrical Electronic 
Contact Devices 

Materials, Electrical Electronic 
Contact Materials 


Your Classification 


Design and Selection of 
Miniature Siiding Contacts 


An analysis of the complex design problems in the apparently 
simple sliding contacts employed in control components. Em 
phasis is on the relations between the exact service require 

of the contacts, their mechanical design and the materials to 
he used for optimum performance in a given application 


F. W. Weod, Jr., Servoenics, Inc., Alexandria, Va 


Electrical Manufacturing 1958 May p 144 4 pp 


To obtain a free copy of the ELECTRICAL MANUFACTURING 





MINIATURIZED 








© Quick interpretations of feature article content 


®@ Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 


Testing 
Components 

Components, Electrical Electronic 
Magnetic Components 


Your Classification: 


Procedures for Testing A-C Solenoids 


ne characteristics by which a-c solenoids should be rated tor 

r hye justria and home appliance helds are defined 

and test procedures to meet those characteristics are deve lope d 

D. OO] Mye and I. G |. Controls Compa { America 
2 r Pa | 


Electrical Manufacturing 1958 May p 92 4 pp 


Control 
Systems and Servos 

Design Considerations 
Specifications and Standards 


Production and Assembly Techniques 
Miscellaneous 


Your Classification 


Control Panel Layout to JIC Standards 


Procedures to follow in laving out control panels to meet JI¢ 
Electrical Standards. The use of transparent templates 
aking the drawings i= also described 


F. R. Carlson, General Purpose Control Dept., General Electri« 


Electrical Manufacturing 1958 May p 125 4 pp 


Drives Your Classification: 
Electrical 


Motors 
integral-Horsepower 


Electronic A-C Adjustable Speed Drive 


Thyratron control of wound-rotor motors is utilized in a new 
family of engineered drives tor applic ations requiring close 
egulation and wide speed range. Basic system and specia 


ist drive scheme are presented 


C. Marx and H. Dessmer, The Electric Products Co., Clevelar 
12. Ohio 


Electrical Manufacturing 1958 May p 148 2 pp 


Subject Classification, circle 736 on page 17 


Motors Your Classification 
Integral-Horsepower 

Product Design Case History 
industrial achinery 


Direct-Drive Motor Designed for 
Stepless Wide Speed Range 


t i echa al design pr i 
4 I wide spe ang ire 
for a prof g ac hine A first in design sp 
ot < } ype with ater ing AcKeE 4 
er ‘ trol svst require ach 
: © nail 
Staff Re 


Electrical Manufacturing 1958 May p 96 4 pp 


Basic Science and Engineering 
Mathematics 

Computers 
Computer Design 

Control 
Theory 


Your Classification 


Language and Laws 
of Boolean Algebra 


Basic concept f lean algebra as a system engineers t 
understanding and designing electrical, mechanical 
ydraulic switching systems. First of five separate articles o1 


‘Engineering Applications of Boolean Algebra 


Boris Beizer and Stephan W. Leibholz, Republic Aviat 
Corp., Farmingdale, N. ¥ 


Electrical Manufacturing 1958 May p 129 10 pp 


Coming Up... 

June brings a profusely illustrated special insert 

Mechanical Fasteners for Military Electronic Equipment. 

This comprehensive survey. presented in tabular form, 

will also find wide design usage in non-military areas 

\n article on Industrial D-C Motors scans the new horizons 
applications to result from the first major d-c rede 

sign in 25 vears Combined Analog-Digital Control 

Systems offers some practical hybrid sub-systems 


in this growing branch of computer technology . . . Part 


useltul 


If in a series shows how boolean matrices and Karnaugl 
maps can be used in Analyzing Complex Circuits 

\ staff report hits the significant new developments cov- 
ered at the Oklahoma Relay Conference in April . . . Othe: 
design areas included are: Effect of Nuclear Radiation on 
Structural Metals . Automatic Life Testing for Com- 
ponents ... Glass Flake in Electrical Insulation... and 
new Conductive Silver-Epoxy Adhesive. 












HERMETIC SUB-MINIATURE 
AUDIO UNITS 








Dimensions ... 1/2 x 11/16 x 29/32 . .. Weight.8 oz. 
TYPICAL ITEMS 




















HERMETIC MINIATURE 
HI-Q TOROIDS 
MQE units provide high Q, excellent stability and 


minimum hum pickup in a case only. 1/2 x 
1-1/16 x 17/32 . . . weight 1.5 oz. 


















OUNCER CWIDE RANGE) 
AUDIO UNITS 


Standard for the industry for 15 yrs., these 
units provide 30-20,000 cycle response in a 
case 7/8 dia. x 1-3/16 high. Weight 1 oz. 


TYPICAL ITEMS 








Type , 
No. Application — __ Pri. imp — Sec. imp 
0-1 Mike, pickup or line to 50, 200/250, 50,000 
legrid = ——“iti—Ss—C—S /GOH— =e 
0-4 Single platetolgrid 15,000 = 60,000 = 
0-7 Single plate to 2 grids, 15,000 95,000 
: D.C. in Pri. r Aes » eee cual 
0-8 Single plate to line, D.C. 15,000 50, 200/250, 500/600 
in Pri. 





0-10 Push pull plates to line | 30,000 ohms 50, 200/250, 500/600 
2 ee ee aE 
0-12. Mixing and matching 50, 200/250 50, 200/250, 500/600 


0-13 Reactor, 300 Hys.—no D.C.; 50 Hys.—3 MA. D.C., 6000 ohms 








LET US MINIATURIZE YOUR GEAR. 
SEND DETAILS OF YOUR NEEDS fer SIZES and PRICES 


These are the smallest hermetic audios made. 


Type MIL Pri.imp. Sec. imp. OC in Response Max. level . ; 
No. Application ‘Type Ohms ~—s Ohms PriMA_2db(Cyc.) = dbm low pass, high pass, and band 
__H-30 input to grid __TFIAIOYY —s50* 62,500 =O '150-10,000, +13 pass application in both inter- 
H-31 Single plate to single TFIA15YY 10,000 90,000 0 300-10,000 +13 ate 
grid, 3:1 7 PT —_ o a Stage and line impedance de- 
“~W-32 Single plate to line | TFIA13YY 10,000* 200 3 300-10,000 +13 : : 
—— _ — $$) ___" ___ — ns. Thir r k valu 
H-33 Single plate to low TFIA13YY 30,000 50 1 300-10,600 +15 signs. Thirty four stock values, 
___impedance — See —-—~- others to order. Case 1-3/16 x 
H-34 Single plate to low TFIA13YY 100,000 60 5 300-10,000 + ce ae 
i __ impedance oat sie 1-11/16 x 1-5/8 —2-1/2 high 
H-35. Reactor +~+&‘TFIA20YY +100 Henries-O DC, 50 Henries-1 Ma. DC, 4,400 ohms . 
— - -- oo Wel 9 02. 
__H-36_ Transistor interstage __TFIALSYY 25,000 ge 1,000 ; 5 ; 300-10,000 os 10 We ght 6-9 oz 


* impedance ratio is fixed, 1250:1 for $S0-1,1:50 for SS0-3. 








MINIATURIZED 
TRANSFORMER 
COMPONENTS 


ltems below and 650 others in our catalog A. 


COMPACT 
HERMETIC 
AUDIO FILTERS 


UTC standardized filters are for 





*Can be used with higher source impedances, with corresponding reduction in frequency range and current 


SUB-SUBOUNCER 
AUDIO UNITS 


UTC Subouncer and sub- 
subouncer units provide ex- 
ceptional efficiency and frequency range in miniature 
size. Constructional details assure maximum relia- 
bility. SSO units are 7/16 x 3/4 x 43/64... Weight 








1/50 ib. 

TVENGAL tveesS T A cat ett | Level Pri. | npr Sec. | Pri. R Sec. R 
tee we ttn OR oa I yi — feat _teel_to _i_su.mp._ fas. _Se a 
on ve = a ~ 62,500 
MQE mhy. 100 Fy TTT rT ~$$0-2 interstage /3:1 + 4V.U. 10,000 0-25. 90,000 750 3250 
MQE-S 50s mhy. 50 Ht *$S0-3 Plate to Line +20V.U. 10,000 3 200 2600 35 
MQE-7 100 mbhy. 35 6 7 , ___25,000 _ 15 _—‘500 
MQE-10 4 hy. 17 ~$S0-4 Output +20V.U. 30,000 1.0 50 2875 4.6 
MQE-12 9 hy. 2 ® [a tl inc! $S0O-5 Reactor 50 HY at 1 mil. D.C. 4400 ohms D.C. Res : s 
MQE-15 2.8 hy. 72 os S ' 8 © 8 OS 0 40 _S$S0-6 Output = +20V.U. 100,000 a 4700 3.3 

*$S0-7 ‘Transistor +10V.U. 20,000 5 800 850 
interstage 30,000 5 1,200 125 


Any impedance between the values shown may be employed. 


HERMETIC 
VARIABLE 
INDUCTORS 


v These inductors pro- 
vide high Q from 50 - 10,000 
cycles with exceptional stability. Wide in- 
ductance range (10-1) in an extremely 
compact case 25/32 x 1-1/8 x 1-3/16... 
Weight 2 oz. 


TYPICAL ITEMS 
TYPE No. Min. Hys. Mean Hys. Max. Hys. DC Ma 





HVC ——ss002 .006 02100 

aves OLLs—“(‘<ée—SC“‘C ‘SC 
ee ae 
ee ee 
Wee 70060USCt—<«~*éi”SSSCSS'S 
HVC-12 50 iso SSt~‘“‘(‘i‘SS 








UNITED TRANSFORMER CO. 


150 Varick Street, New York 13, N. Y. * EXPORT DIVISION: 13 E. 40th St., New York 16, N. ¥. 
CABLES: “ARLAB* 
Circle 107 on page 17 











Research 





Low-Temperature 
Resistance Thermometer 


An experimental thermometer, _ illus- 
trated below, cut from a single crystal 
of arsenic-doped germanium, has been 
developed by Bell Telephone Labora- 
tories to meet cryogenic research needs 
for an accurate, reliable device that 
would not require continued recalibra- 
tion. Highly sensitive and exceptionally 
stable in the temperature range near 
ibsolute zero, this thermometer (once 
calibrated), has been found to be 
reproducible to better than a few ten 
at the boiling 
helium 4.2 deg Kelvin). 


Reproducibility is not 


thousandths of a degree 
point of 
affected even 
after repeated cycling from room 
temperature 

Development of this thermometer by 
BTL is based on the ability of arsenic 
doped germanium to produce a high 


ind fairly constant temperature coefh- 


ent of resistance at extremely low 
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temperatures. A typical thermometer 
had a resistance of about 1 ohm at 
room temperature, 14 ohm at 10 K, and 
216 ohm at 2 K. The temperature 
coeficient and the actual resistance 
both vary widely with minute changes 
in the amount of doping; it thus is 
possible to fabricate thermometers over 
1 wide range of characteristics 
Experimental units made by BTI 
have been turned over to the Calo 
rimetry Conterence for testing; if the 
results indicate a_ wide isefulness 
efforts will be 


production through 


made tor commercial 
1 qualified manu 
tacturer 


Fiuorine-Containing 
High-Temperature Elastomer 


Linear copolymer of vinylidene fluoride 
ind hexafluoropropylene (65 per cent 
fluorine by weight) is described by 
Du Pont as being superior to other 


known commercial elastomers in re 


Left, low-temperature resistance — ther- 
mometer is a “bridge” cut from single 
erystal of 


arsenic-doped germanium. 


Size, approximately 0.025 x 0.020 x 


0.210 in. 


Construction is shown above. Current 
and potential leads are attached to the 
bridge, supported in a strain-free manner 
in a platinum-glass enclosure that con- 
tains a small amount of helium gas to 
aid in thermal conduction. Resistance is 
determined by measuring the potential 
drop when a small known current (ap- 
proximately 10 micro-amp) is applied. 





sistance to fuels. oils and solvents at 
temperatures above 400 F. Now in pilot 
plant production, commercial output of 


the new material (designated Viton) 
iwalits completion ot a new plant. 
Original research during 1956 was 


Wright Air 


Development Center: an _ oil-resistant 


ir cooperation with 
high-temperature elastomer was re- 


iired for military aircraft and 
nissiles. Largest area of developmental 
ipplications has been in aircraft seals. 
Research on the new elastomer indi- 
nonmilitary 


ites many applications, 


imong them: wire insulations; instru- 


ment and pump parts; automat 


transmission system parts; thermostat 


bellows 


Vinyl! Plastisol Inside Finish 
for Electric Dishwashers 


Evaluation of some 200 commercially 
ivailable finishes preceded the final 
lection of a vinyl plastisol as the 


inside finish for its 1957 model electri 
eneral Electric Com- 
iny, Appliance Park, Louisville, Ken- 


cky. A material superior to porcelain 


dishwasher by ¢ 


required owing to the 


el was 
conditions to which 


Service 


lishwashers are subjected:  bi-daily 


ige, high temperatures, high alka- 


action. It 


inities, and strong erosive 


desired to eliminate the 


was 11s0 


g and etching that form a 


chippin 
ru source of porcelain failure. 
\s reported by G-E’s E. V. Plock at 
the recent April meeting of the Ameri- 
in Chemical Division of 
Paints, Plastics and Printing Ink 


Chemistry, San Francisco, a new type 


Society. 


of highly accelerated finish test was 
developed during this evaluation pro- 
gram. It is adaptable for testing all 
types of finishes. The major initial 
longevity-limiting factor evaluated was 
film blistering of the finish caused by 


9 








Research 
Horizons 





noisture vapor transmission. The test 
method and new test apparatus were 
developed to investigate improvements 
in finishes that could ultimately elim- 
inate this factor as a source of failure 
Basis of the test was a new concept: 
vapor exposure at operating tempera 
ture and 100 per cent RH on one side 
ind ambient exposure on the other side 


This correlates temperature gradient 


ind condensation effects 


Instrumentation in an 
Atomic Power Station 


\ large-scale 


plant incorporates an instrumentation 


nuclear electri powel! 


network that represents the solution 


to omplex design problems The in 


trumentation for the Shippingport 
\tomi Station 


iter reactor project) const! icted for 


Power ( pressurized 


yperation in the Greater Pittsburgh 
irea falls into these four major 
itegories: 

|. Reactor instrumentation for the 


iclear systen 


t 


Primary plant instrumentation for 


the non-nuclear svstems: 


». Radioactivity monitor 


tL. Remote viewin of the genera 
nd specific areas of the plant 
Kach plant svstem contains inst 
entation for either local or remote 
local ind remote read-out 
larm network is ictivated throug 
the Instrumentation network 
nstrumentation for control 
lear reaction is the most important 
1 the iInstrumentatior systems since 
ts tunction is to monitor the neutron 
flux level of the core he neutror 
flux values (measured at the locatior 
ot the neutron detectors Is onverted 


o power level and rate of power level 


hange This information enables. the 
operator to start up and operate the 
eactor safely The intormatior < ilseo 


transmitted to the automatic reactor 
ontrol systems and to their reactor 
rotection system 

Iwo types of neutron detectors 
ised to provide 


of the 


accurate monitor 


neutron flux level over its er 


ire range: (1) a boron trifluoride 


proportional counter that reports from 


helow source level to about 10.000 


level: and (2) a com 


times source 
pensated jonization chamber to include 
the range trom 1000 times source level 
to 10'° times source level 

Design 


construc 


development and 


10 


tion of the Shippingport operation was 
carried through by Westinghouse Elec- 


tric Corporation in cooperation with 


Duqueste Light Company and _ the 
Atomic Energy Commission. Electric 


power produced by the plant will be 
distributed over the Duquesne system. 
Full design capacity is 68,000 kw, of 
which 8000 kw are required for plant 


operation, 


Polyethylene-Carbon Black 
Plastics Compounds 


‘chemical cross-linking” 
been applied by Her- 
Wilmington. 


Cabot. Inc.. 


So-called 
processes have 
cules Powder 
Del.. and Godfrey | 


Mass.. to the 


new polyethyvlene-carbon 


Company, 


Boston, 


de velopme nt ol 
black com 


pounds with improved properties for 


various applications. among which are 


wire and cable insulation and 


acketing 


Substantially improved — character- 


istics reported include temperature 


resist 


ance: physical strength: and _ re 


sistance to solvents, surtace-active 


avents and weathering Parti ilarly 


reported significant re 


iseful is the 


duction in environmental stress crack 
ing. compared with conventional poly- 
ethylenes. The 


not compromise the 


advantages gained do 
normal good low- 
Additional in- 


creases in physical strength and still 


temperature properties 


nil 


ip 


her temperature limits should be 
obtained with the use of high-density 


linear-type polyethylene 
Karly commercial prod tio! = 
licated i i joint ce 


British Flat-Face 
Cathode Ray Tube 


Le elopr ent work toward a flat T\ 
receiver that can be hung ol i wall 
ke a picture is underway in England. 
iwcording to a recent announcement 


the National Researcl 


Corporation in its eighth annual report 


Deve lopment 


lL nder sponsorship ot the Corporatior 


' 
Dr. D. Gabor Imperial College of 


cence ind Technology. has invented 

tube that has also been patented in 
the United States. The tube has been 
scheduled 


next meeting of the 


for demonstration at the 
British Institution 
Electrical Engineers. The invention 
is said to rest on an “ingenious and 
revolutionary” svstem of electro-optics. 
The tube is expected to be useful both 
lor monochrome and color receivers 
The demonstration tube provides a 
picture area 12 in. diagonal measure- 
ment. No attempt has been made to 
front-to-back depth since for 


demonstration 


limit the 
purposes the tube will 
sealed off. A new sealed-off 


is expected to provide a 2] 


not be 
prototy pe 
in. tace, 


diagonal measurement. and 


will have a depth of 5 in. or less 


Continuous Regeneration 
for Copper Etching Solutions 


\ new technique for continuously re 





generating copper etching solutions an 


nounced by Bell Telephone Labora 


tories is intended to eliminate downtime 


of equipment used in manutacture 


printed circuits. It also eliminates dat 
gers inherent in changing spent corre 
sive etchants and allows for salvage 
the etched copper 


Etching solutions used in. the ew 


process are Compose d ot « upric chloride 
in the presence ot excess chloride tons 


They can be regenerated electrolvtical 


during etching, either on a self-regulat 


ing basis or on a time cycle depending é ; 
on type of etching equipment used 
These solutions dissolve copper ore 
ethciently because the chloride fort 
e ' 
more stable complex with cup 
rather than cupric ions. Hydrochlor 
icid-cupric chloride baths eteh coppe 
faster than the presently used ferr 
chloride etchants However sod 
chloride baths show not only about the 
same improvement in etching time 
ilso an increased ipacityv of neari 
per cent for dissolved copper. w 
dded advantage ¢ lowe por t 
ire resulting k 
es 
Electrolytic regeneration of the 
nt is dependent the ipe 
of the cathode This jue tot a 
stability of the hhore ipl ~ 
| nowevetl t ‘ it re 
eased without hang } ' 
t flo tl rent densi 
hode will obvio t reas \ 
rent cde 
eached where ‘ pr 
t | }) - ~ 7 ~f 1 
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‘ etiolr ~ tie take | ‘ 
s the re I } 
lic coppe \t x Py ¢ 
rous jor iat 17 ‘ ( hye 
“i sul t il be 
This react : everse 
etching process ind t s reg 
the etching bath ; . 
Variable-Pressure 
Shaft Seal 
‘ ' 


Dual-purpose seal for rotatable shaft 


highly 
is not rotating. but may be less effecti 
shaft is rotating. As de 
Patent No. 2.815.968 


this requirement is 


must be effective when shaft 
while the 
scribed in U. S. 
accomplished as 
follows: 

Weights distributed about a sealing 
disk secured to the shaft tl 
sealing disk against a tubular section 


shaft When 


the shaft rotates. the centrifugal forces 


f 


pre << 


into which the extends. 


on the weights relieve the pressure ot 
the sealing disk 
section. This 


against the tubular 
action has the very 
desirable result of minimizing the wear 
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of the rotating disk due to contact number of oscillations, alter having the trigger | ilse ece 
with the tubular section. while afford- been damped to a certain maximum ounter Phe counter then registers 
ing maximum sealing action when it amplitude of oscillation desired number of oscillations i 
is needed 4 mirror, attached to the moving nitiates and terminates a time! 
The patent is one of the continuing member, directs light successively to measuring the time nterva e€ 
series released bv the Atomic Energy a photocell that is part ol a trigger preselected numb ot Ss 
Commission on a non-exclusive. rovalty unit, then to first and second photo 
free basis as part of its program to cells that are part of a starter unit : 
ike non-secret technological informa the member swings to its maximul More on Automatic 
tion a ible to industry implitude The starter and trigger Mail-Sorting Devices 
inits comprise thyratrons and relays Che continued stor 
2) interconnected that the trigger sorting devices pre ~¢ k 
Photosensitive 1it. althougl eneratil . countes cccetiaMian. seemcbedn 
Relay System pulse, does not register a count that is, provided } 
Another AEC-released patent (tl. S$ the counter whe the light traverses ted completely o 
N 0.182 photoelect both photo s of th starte Las I Rese Horizons 
‘ ‘ rement the When the litude oscillatic page escribed B - , 
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‘ ~ele ed ect j phot« t t ove f t 
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separated from second class mail and 
properly stacked for cancellation. Basis 
of the British system is: the use of 
conductive ink designations to distin- 
guish the two categories of mail. The 
Canadian Post Office has now set up 
in Ottawa a test facility that is based 
on the use of fluorescent inks for coding 
purposes and light-sensitive sorting de- 
vices. 


Mail for automatic handling (pre- 


Research Note 


Superior Heat Resistance 


Phenolic-base laminates have been sub 
jected to 3000 F for short periods of time 
with maintenance of structural unity. This 
would at first seem highly unusual for an 
organic material, though this should not 
be considered so when the actual structure 
of the material and ambient conditions 
taken into consideration, 


are 


@ Strength of most laminated and molded 
materials is due primarily to the fibrous 
structure of the material. In the of 


Case a 


paper-base laminate, the phenolic resin im 
parts moisture and heat to the cellulose 
fibers. A plece ol paper tree of sizing can 
not be used as electrical insulatior 


194 | Va 


made with a phenolic resin can be 


above 
However. a paper hase lan inate 
in ised tor 
applications up to 221 F. Here the phenolic 
resin increases heat res 


stance ot the cellu 


lose fibers by about 20 per cent 


@ Further, when ashest 


high temperatures, 





i marked increase in 


obtained 
1 


Asbestos-base laminates may be 
user continuously for ipplicatior up t 
(02 F, and sometimes t 17 } In th 
material both the resin and fiber contribute 
to heat resistance of the lamin ite 


e When a phe nol formaldehyde 
heated, the molecules are convert d to 
insoluble infusibl 


mass whit 
three-dimensional molecule that may be 
considered as a state of arrested motion 
The unique thermosetting property 

phenol formaldehyde resins is one of be 
coming harder when keated below 1 
Wheth 


the temperature is above or below the 


he 
thermal degradation temperature el 
thermal degradation point, the resin still 


increases in hardness to unity 


sumably first-class category) is identi- 
fied by stamps that have been impreg- 
nated with a fluorescent dye. This mail 
is automatically selected and segre- 
gated by means of the phoiosensitive 
elements. These letters are then routed 
to a printing machine where coded 
destination information is added on the 
back of the envelope in invisible flu- 
orescent ink. Codes have been selected 
so that ultimately the system can be 
used on an international basis. 

From that point on, the mail is 


handled 


electronic sorters routing each envelope 


entirely automatically, with 
according to the fluorescent code to the 
proper outgoing conveyance or delivery 
man. A significant feature of the sorting 
machine itself is that the envelopes 
are individually grasped by finger-like 
devices rather than being either pushed 
or simply carried by a belt conveyor. 
Dificulties arising from differences in 


size, material, ete., are thus avoided. 


High-Brightness 
Radioactive Markers 





Radioactive devices for illuminated 
markers have been developed for air 
craft use as exit markers, and may 
have other applications. Such devices 
are non-electrical and are therefore 
particularly useful where it is desirable 
to have operating warning signs or 
signals in emergencies where there is 
an electrical power failure. These de- 
vices are described as being more 
economical than a separate electrical 
system for similar purposes. 

As announced by the United States 
Radium Corp., Morristown, New Jersey, 
the marker devices utilize a phosphor- 
tritium gas combination to obtain the 
required illumination. Compact con- 
construction is said to minimize the 


possibility of gas leakage; in the event 


£ 


of rupture, the gas is rapidly dissipated 


—A.E.J. 


and Bonding of Asbestos-Base Phenolic Compounds 


e@ In a laminated asbestos-paper-base struc 

ture, the resin acts as a binder for the 
individual layers of asbestos paper and als« 
as a protective coating for the fibers. At 
high temperatures, up to 800 F, the resin 
is not completely destroyed but is con 
verted into a carbonaceous material which 
in itself acts as a binder for the asbestos 
fibers. However, this carbonaceous material 
does not have sufficient binding properties 
to hold the lavers of asbestos paper to 
gether, 

e@ Recent applications of phenolic-resin 


asbestos materials have been at tempera 





tures as high as 3000 F for a limited time, 
»-30 sec. Since continued heating at 500 I 


will cause an ultimate decrease in mechan 


al properties of laminations, ultimately 
resulting in delamination, the material he 
omes unsuitable for mar structura 
pplications 
et | f 0) O F the i 
s ited structure. He 

é place of a laminated structure, if 
imo ng compound in whiet long ashes 
tos fibers are coated r intimately mixed 
will 1 phenoli resin is substituted, a 
superior heat-resistant product will be ob 
tained On heating, the fibers become 


ited and intertwined into a solid mass 

} 
This is an example of good mechanical 
ead 


ing to supplement the physical-chemi 


il bond of the phenolic resin binder. pre 


ducing a superior bond 
e The structure of this material remains 


intact to a greater degree than laminates 
when heated between 500 and 1000 F. and 
there is no tendency toward separation 


except on prolonged heating above 500 I 


This condition obtains from the intertwin 
ing of the fibers and, though the resin 
nay undergo a drastic thermal degrada- 
tion, sufficient bonding is still maintained 
by the interlocked fibers to maintain struc- 
When the material is heated 
to 1000 F there is a definite thermal de 
gradation, with the resin being converted 


tural unity 


to carbonaceous type binder with unusually 
high heat resistance. The residue may be 


msidered as being a skeleton of the resin 


olecule. This carbonaceous residue has 
very little strength in itself but, as a coat 
ing over the fibers, adds additional bond 
ing-strength properties to the intertwined 


@ When a molded section is subjected 
to the flame of a blowtorch for a short 
period the heat is cor 


entrated in a small 
irea. Thermal degradation sets in at ¢he 





surface and, because of the poor heat con 
juctivity of the material, the extent of de 

idati does not g nuct bel the 

lace Alt ugh the re t ‘ the ur 
face shows signs of carbonization, the 
structural unity of the san ple remains in 
tact. This carbonaceous surface insulates 


the inner structure from high temperatures 
ind decreases the rate of decomposition 
When the entire sample is subjected over 
1 long period of time to temperatures above 
2012 F, the material will eventually lose 


its structural unity 


e This review is based on an interview 
with Arthur H. Haroldson, Manager of 
Research and Developme a ontinental 
Diamond Fibre ¢ orporation, Newark, Dela 


are 


H.E.B. 
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THE FUSITE CORPORATION 


6000 FERNVIEW AVE., CINCINNATI 13, OHIO 


MAY 1958 


stainless steel. 


US {| SEMCOR 





ALL STAINLESS STEEL 
tr tae Ne 


2 
a 
j Inside ¢ r d of straight | 
ee | wire electrode ts 
' is 
!as supplied | crimped to a hollow 


V-24 glass 
; 


| photo A) 
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“is 
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a guia 
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, 
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num wire are inserted 
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, ry | 
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tight. (See photo B | 


open top shell. (See ‘= 


This application is typical of the hundreds of 
electronic components whose continuing operation is 
assured by the safety factor of a terminal with electrodes 
fused into the glass. The resulting rigidly fixed position 
of the electrode guards against damage to the finished 
assembly through movement of an electrode depending 
only on compression for its position in the glass. 


Robert A. Rutherford, Vice President of U. S. Semi- 
conductor Products, permits us this direct quotation. 


“The Fusite header provides us with a very satisfactory 
solution to the problem of the lead wires turning in the header. 
The fused glass to steel has solved this very troublesome problem. 


The stainless steel material also 
provides excellent corrosion resis- 
tance. Aside from receiving a supe- 
rior product from Fusite, we have 
also received very excellent service 
and a great deal of cooperation from 
both the company and their repre- 
sentative.” 


Test samples of any style terminal 
available on request. Stainless 
steel available on most Fusite 
Standard Headers. 


Write Dept. B-2 


In Evrope: FUSITE N.V. Konigweg 16, Alemlo, Holland 
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Assembly is enclosed 
in mintature 
projection 


closed. 


can and 


welded 
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Duck, Smedley! 


Here comes that 
crazy coffee pot! 


As a designer of space ships, 
Smedley, you should have stood 
in bed. You forgot—there’s no 
gravity im outer space ... and 
you didn’t provide any means to 
contain loose equipment like 
pots and pans 


Thomas & Skinner could have 
solved your problem with T&S 
permanent magnets . 

Thomas & Skinner offers other 
services, too... such as quoting 
realistic delivery dates and then 
shipping on schedule with per- 
manent magnets (as well as all 
T&S products) meeting cus- 
tomer specifications in every re- 
spect. T&S’s entire staff is con- 
stantly aware of the importance 
of handling customer orders, no 
matter how large or small the 
order, no matter how large or 
small the customer. All T&S 
customers are VIP's to the T&S 
staff. 


Specify T&S permanent mag- 
nets for your next project. Write 
for brand new Bulletin No. 158 
on Permanent Magnet Design. 


SPECIALISTS IN 
MAGNETIC MATERIALS 


Permanent Magnets @) Magnetic Tapes (') \ 


Laminations G] and Wound Cores ey 





1114 East 23rd St., Indianapolis 7, Indiane 
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Pius or Minus 


Random Comments of the Editors and Readers 


“Ferroelectrics as 
Solid-State Devices” 


HARRY C. PAGE, Patent Counsel 


CLEVITE CORPORATION, Cleveland, Ohio 


The above entitled article, appearing 
in the March 1958 issue. uses the let- 
ters “PZT” with reference to certain 
ferroelectric ceramic materials. (Lead 
zirconium titanate—Ed.) We have to 
inform vou that “PZT” is a registered 
U. S. Trademark of Clevite Corpora- 
tion (Reg. No. 631.228. July 24. 1956) 


and should be designated as such. 


What Makes a 
Systems Engineer? 

This is an age when the exponential 
accumulation of new technical knowl- 
edge seemingly dictates superspeciali- 
zation on the part of the individual 
How then does an engineer attain the 
breadth and stature necessary to bring 
together, choose from and coordinate 
the various engineering and_ scientific 
disciplines required for the successful 
conception, development, design and 
practical — limita- 
tions of time and money—of a modern 


production—within 
integrated system that meets the true 
needs and desires of a fundamentally 
non-technical society? What 


are necessary both in our educational 


changes 
system and in after-college on-the-job 
training of young engineers (and older 
ones, too!) to insure the development 
of the systems engineers that are now, 
and soon will be even more, required? 

These were problems discussed by 
a panel of engineers and educators at 
the 1958 IRE National Convention this 
March in New York City. Topic : Edu- 
cational Needs in Systems Engineering. 
Participants: chairman, R. P. Johnson, 
The Ramo-Wooldridge Corp.; J. Moore, 
vice-president and manager, 
Autonetics Div.. North American Avia- 
tion Inc.: W. K. Linvill, Institute for 
Defense Analyses, Dept. of Defense; 
R. J. Kochenburger, EE Dept., Univ. 
Herwald. Westinghouse 
Electric Corp.; H. Chestnut, General 
Electric Co., International 
Federation of Automatic Control: H. 
H. Goode. EE Dept.. Univ. of Mich. 


The systems engineer, as they en- 


general 


ot Conn.: 3d. 


president, 


vision him, is not necessarily either an 


administrator directing a team of en- 
gineers and scientists responsible for 
the actual technical solution or a math- 
ematical genius capable of working 
the whole problem out on paper him- 
self—albeit he should be a little of 
both. The systems engineer can be the 
chief engineer of a large department 
or a project engineer working pretty 
much alone. In any event, the specifica- 
tions laid down by the panelists for the 
ideal systems man are almost frighten- 
ing. In their collective opinion the man 
charged with the decision of what a 
systems will be and how it is to be 
realized, as well as the responsibility 
to produce it, must: 


1. Have 


humanities 


sufficient breadth in the 


(history, art. literature, 
philosophy, ete.) and the soft sciences 
(economics. psve hology, et to recog- 
nize the real problems the system must 
meet—as well as the purely technical 
problems with which the engineer is 
traditionally concerned 


2. Understand “the scientifi 


meth- 
od” well enough to apply it within and 
without the field of science. 

3. Be both a harmonious team mem- 
ber and potential team leader. 

1. Be problem oriented rather than 
tool oriented. 

5. Know a great many solutions to 
a great many problems, because in a 
practical world most solutions are built 
on other solutions. 

6. Know the “language” of all dis- 
ciplines (math, physics. chemistry, 
mechanical engineering, electrical en- 
gineering, etc.), i.e. the jargon, basic 
approaches to problems, past  ac- 


complishments and present frontier 


problems ot each disc ipline and 
the similarities or analogies between 
disciplines. 

7. Be well grounded mathematically, 
including statistics and probability. 

8. Have a broad knowledge of ma- 
terials (of which all systems are made) 
and the effects of the environment 
both physical and social—in which they 
must perform. 

9. Learn the * 


engineering 


specialties” of systems 
information theory: com- 


puter technology; digital techniques; 
mathematics of servomechanisms, auto- 
controls and 


mati self-optimizing 


systems. etc.—as they evolve. 


The suggestions of individual panel 
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Miniature synchros, wound with Tensolite insulated magnet wire, 
pass rigid inspection at Clifton Precision Products Company, Inc. 


TENSOLITE magnet wire picked for CPPC synchros 


Hundreds of synchros fly with the Air Force’s new B-58 to meet MIL-W-19583, it is supplied in wall thicknesses 
“Hustler,” supplying intelligence for fire control, navi- ST. HT, TT and QT in AWG sizes 16 through 44. Just call 
gation, automatic pilot and other servo systems. Many the man from Tensolite for complete details. 


miniature synchros for these servo systems are manu- 
factured by Clifton Precision Products Company, Inc., 
Clifton Heights. Pa., and they are literally “worth their 
weight in gold.” Reliability is— by far—the prime design 
consideration. 

That’s why Tensolite magnet wire insulated with 
“Teflon” resin was picked for the windings. CPPC dis- 
covered that sharp bends on the machine wound armatures 
did not break down the insulation on the wire. Even 





Clifton’s rigid inspection system failed to turn up rejects 
caused by magnet wire failure. 
[f your product calls for ultimate reliability, investigate 


the many advantages of Tensolite magnet wire. Designed B-58 “Hustler,” built by Convair, depends on hundreds of synchros. 


: MiU¢E nsv_rrer WIRE CoO., INC. 


West Main Street, Tarrytown, N. Y. « Pacific Division: 1516 N. Gardner St., Los Angeles, Calif. 
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Pioneered and proven by 
KANTHAL, the now famous 
KANTHAL iron-chromium-alu- 
minum-cobalt alloys provide 
engineers with a _ broader, 
better means to solve heating 
and resistance problems. 
High resistivity (812-872 
ohms ‘cmf) and high tempera- 
ture ranges (to 2460 F) give 
these superior alloys such wide 
versatility and usefulness that 
others constantly attempt imi- 
tation. Only KANTHAL, with 
years of experience in ton- 
nage production, provides the 
wide variety of types and un- 
varying quality that have 
made these alloys outstand- 
ing. 

Specialists for more than a 
generation, KANTHAL re- 
search constantly develops 
new resistance materials. The 
most recent is KANTHAL SU- 
PER which surpasses all known 
metallic elements in perform- 
ance at temperatures to 2900 
F. This is typical of continuing 
KANTHAL leadership in pro- 
ducing superior resistance al- 
loys to meet every need. 
Full Data Available 
(Based on actual applications) 
Whatever your heating or re- 
sistance problem, KANTHAL 
has full design data to help 
you solve it more quickly and 
easily, and most likely at low- 
er cost. 





KANTHAL A-1, A For long-life supported 
furnoce elements in air and neutral atmos- 
pheres. Type A-1, 2460°F, Type A, 2370°F 


KANTHAL D, DS For heating and resist- 
once elements in appliances and furnaces 
Type D 2200°F, Type DS, 2100°F higher 


creep strength 


ALKROTHAL 14 For low-cost resistor coils 
and appliance elements, 1900°F 


KANTHAL DR and NIKROTHAL L For 
precision components and resistors. High 
resistivity and stability, low thermal EMF 
vs copper, low temperature coefficient 
+.00002 /C° —50 to +150°C). Fine gages, 


all types of insulation 


KANTHAL SUPER New cermet for furnace 
element temperatures to 2900°F with long 


life, no aging, simplified controls 


NIKROTHAL 8 (80/20) and 6 (60/16 
Highest quality nickel. chromium for sus- 


pended elements at substantial savings 


CUPROTHAL 294(55/ 45) copper-nickel low 
temperature, low-resistance wire (294 ohms 


cmf). Also CUPROTHAL 180, 90, 60, and 30 


Write today for free data on: 
| KANTHAL HANDBOOK 116 pages of physical 


Uae Ur 


and electrical data for designing equipment 
with KANTHAL A-1, A, D, DS 


members as to how our pre-college 
undergraduate, post-graduate and in- 
industry educational programs might 
be altered to yield more qualified sys- 
tems engineers will be published in the 
IRE Convention Record (Part 4) and 
should be well worth reading. Two 
points are significant: 

e The systems engineer should be- 
come sufficiently schooled in some one 
discipline to acquire depth and avoid 
superficiality. Yet he should not become 
so thoroughly entrenched in a specialty 
that, in the case of an engineer, he 
becomes prejudiced toward the elec- 
trical, mechanical, hydraulic, etc. solu- 
tion, or, in the case of a mathematician 
or physicist, he becomes too intrigued 
with ideal or academic considerations 
to get the job done on time and withir 
the budget. 

e Systems engineering. unlike many 
of the specialties, can not be learned in 
a purely academic surrounding re- 
moved from practical industrial situa- 
tions any more than medicine can be 
learned without a hospital and_ still 
living patients. 

\t present no university has broken 
down the barriers of traditional de 
partmentalization to award degrees in 
systems engineering, either at the un- 
dergraduate or graduate level. (A few 
schools give graduate degrees in opera 
tions research.) The present and near- 
future needs for systems engineers must 
for the most part be met by industry- 

(Continued on page 0 
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j Ee = Sass as 6 THE ALUMINUM BACKGROUND of this 

NIKROTHAL L C CUPROTHAL ALLOYS month's cover serves to highlight the 

= importance of aluminum as a basic struc- 

tural and conductor material for elec- 

trically energized equipment manu- 

factured in representative countries of 
Europe. 
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ONE Reader Inquiry Service post card—king : 
size for legibility—will bring you information i = 
. regarding anything published in this issue. fe | 


That goes for both advertising and editorial i 
pages. 
To provide a quick facility for requesting 
. further information on anything mentioned in 
the editorial or advertising pages, each item or 
ad has been assigned a key number. Correspond- 
ing numbers appear in the respective grouping 
of the Reader Inquiry Service post card below. 
Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 
Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. New Literature 
To expedite, please print or type your name and 
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505 520 535 550 565 580 595 610 625 640 655 670 685 


507 522 537 552 567 582 597 612 627 642 657 672 687 
508 523 538 553 568 583 598 613 628 643 658 673 688 


509 524 539 554 569 584 599 614 629 644 659 674 689 


510 525 549 555 570 585 600 615 630 645 660 675 690 


' 
504 519 534 549 564 579 594 609 624 639 654 669 684 704 719 734 


| 
| 
506 521 536 551 566 581 596 611 626 641 656 671 686 





Title Dept. or Div 
Company 
Street City State 


Principal Product Manufactured 

















NEW COMPONENTS NEW LITERATURE | REPRINTS 
101 126 151 176 201 226 251 276 301 326 351 376 401 426 451 476 576 591 636 651 666 681 701 716 731 
102 127 152 177 202 227 252 277 302 327 352 377 402 427 452 477 577 592 637 652 667 702 717 732 
103 128 153 178 203 228 253 278 303 328 353 378 403 428 453 478 578 593 638 653 668 703 718 733 
104 129 154 179 204 229 254 279 304 329 354 379 404 429 454 479 579 594 639 654 669 704 719 734 
105 130 155 180 205 230 255 280 305 330 355 380 405 430 455 480 580 595 640 655 670 705 720 735 
106 131 156 181 206 231 256 281 | 306 331 356 381 406 431 456 481 581 596 641 656 671 706 721 736 
107 132 157 182 207 232 257 282 307 332 357 382 407 432 457 482 582 597 642 657 672 707 722 737 
108 133 158 183 208 233 258 283 | 308 333 358 383 408 433 458 483 583 598 643 658 673 708 723 738 
109 134 159 184 209 234 259 284 309 334 359 384 | 409 434 459 484 584 599 644 659 674 709 724 739 
110 135 160 185 210 235 260 285 310 335 360 385 410 435 460 485 585 600 645 660 675 710 725 740 
’ 111 136 161 186 211 236 261 286 | 311 336 361 386 | 411 436 461 486 586 601 646 661 676 711 726 741 
112 137 162 187 212 237 262 287 312 337 362 387 | 412 437 462 487 587 602 647 662 677 712 727 742 
113 138 163 1868 | 213 238 263 288 | 313 338 363 388 | 413 438 463 488 588 603 648 663 678 113 728 743 
114 139 164 189 214 239 264 289 | 314 339 364 389 | 414 439 464 4a9 589 604 649 664 679 114 729 744 
115 140 165 190 | 215 240 265 290 | 315 340 365 390 | 415 440 465 490 590 605 635 650 665 680 115 730 745 
116 141 166 191 | 216 241 266 291 | 316 341 366 391 416 441 466 491 
117 142 167 192 217 242 267 292 | 317 342 367 392 417 442 467 492 (5) 
118 143 168 193 218 243 268 293 318 343 368 393 418 443 468 493 Individual ee a ee . 
119 144 169 194 219 244 269 294 319 344 369 394 419 444 469 494 
120 145 170 195 | 220 245 270 295 | 320 345 370 395 | 420 445 470 495 —_  ° en a a aie 
121 146 171 196 221 246 271 296 321 346 371 396 421 446 471 496 
122 147 172 197 222 247 272 297 322 347 372 397 422 447 472 497 Company ee ee 7 _ 
123 148 173 198 | 223 248 273 298 323 348 373 398 | 423 448 473 498 Sih Deielet aria oa caceacaiaa a 
124 149 174 199 | 224 249 274 299 | 324 349 374 399 | 424 449 474 499 | = Stet ti ~— 


125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 


Principal Product Manufactured 
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a wide selection... 


From MTN STRIP STEEL 


restricted and standard s| 
cold rolled strip steel 


Let’s examine this “Full Line” product list 
of cold rolled strip steel. At J&L it includes 
all carbon grades, coated and uncoated, 
alloy, stainless and tempered spring steel. 
It offers all thicknesses from .001” or less 
to .156” or more, in widths from 14” to 
24”—and tolerances for gauge and width 
closer than standard when required. There 
are “Full Line” advantages, too, in a range 
of controlled tempers and structures pos- 
sible only with the variety of annealing, 





J&L STRIP STEEL DIVISION produces a full 
line of restricted and standard specifica- 
tion strip steel in these grades and types: 


Low Carbon 

High Carbon 

Tempered Spring Steel 
Molten Zinc Coated (Jalzinc) 
Electrolytic Zinc, Tin, Copper 
and Brass Coated 

Alloy 

Stainless 

Painted 


Circle 112 on page 17 






heat treating and rolling processes found 
at J&L. 


Your “Full Line’ benefits can start by 
specifying J&L because only J&L makes 
standard and restricted specification cold 
rolled strip steel in such a wide range of 
analyses, grades and sizes to accurately 
meet the most exacting need. 


For Strip Steel, call the Strip Steel Spe- 
cialist — J&L. 


STRIP 


ut 


STEEL 


Jones & Laughlin 


STEEL CORPORATION 


STRIP STEEL DIVISION 


GENERAL OFFICES: YOUNGSTOWN 1, OHIO 


PLANTS: 
YOUNGSTOWN @ INDIANAPOLIS @ LOS ANGELES © KENILWORTH, N. J 


SALES OFFICES: 
New York @ Rochester © Newington, Conn. © Youngstown @ Detroit 
Cleveland @ indianapolis © Chicago @ Los Angeles @ San Francisco 


FORMERLY THE COLD METAL PRODUCTS COMPANY 





















28% More Load-Carrying Capacity! 


Westinghouse 48-Frame Motors Give You 


287 More 


Load-Carrying Capacity Than Ordinary Motors 


Here’s still another case where Westinghouse fhp motors give 
you that “‘something extra’’—the motor feature that makes 
your own product more salable. 

This time it’s a %-inch-diameter bearing where ordinary 
fhp motors are using smaller, %-inch bearings of the same 
length. It means that the Westinghouse motor’s larger load- 
bearing area gives you a 28°, edge in load-carrying capacity! 

There are plenty of other advantages to our large-size 
bearing construction, too—for example, bearings wear less, 
last longer: lubrication is better, more uniform on the in- 
creased bearing surface: motor operation is smoother, quieter, 
more vibration-free than you’d ever expect (or get) from 
motors using smaller bearings. 

This is only one of the many competitive advantages that 
Westinghouse motors give your product. For the full story, 
please contact your nearby Westinghouse sales office, or 
write: Westinghouse Electric Corporation, Industrial Motor 
Department, Lima, Ohio, for Bulletin B-7240. 
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you CAN BE SURE...1F iTS Westi nghouse 
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K isoLastane is Natvar’s new elastomeric 
isocyanate type coating for Fiberglas braid 
and tape. Registration pending 










Natvar Products 


© Vornished cambric—cloth ond tape 


Varnished canvas and duck 















Varnished silk and special rayon 
Varnished—Silicone coated Fiberglas 
Varnished papers—rope and kroft 
Slot cell combinations, Aboglos * 
Isoglas® sheet and tape 


* Isolastane® sheet, tape, tubing 
and sleeving 


® Vinyl coated—varnished tubing 
ond sleeving 


Extruded vinyl! tubing and tape 
Styrofiex® flexible polystyrene tape 


Extruded identification morkers 


Ask for Catalog No. 24 


24 
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ISOLASTANE 
TUBING and TAPE 





— for sharp bends a i nN —for continuous perform- 
and irregular ie ad AVKYO'1, Pw ance at temperatures up 
surfaces to 155°C 








Natvar Isolastane is now making important savings possible. It makes it un- 
necessary to use expensive Class H materials to solve temperature problems 


during the manufacture of products which do not require Class H rating. 
Isolastane is outstanding in its 


@ ELASTICITY (EXTENSIBILITY) @ TOUGHNESS AND ABRASION RESISTANCE 
@ RESISTANCE TO HEAT @ WET DIELECTRIC STRENGTH 
@ RESISTANCE TO CRAZING AND CRACKING @ LOW TEMPERATURE FLEXIBILITY 


@ RESISTANCE TO SOLVENTS, @ FUNGISTATIC QUALITIES 
INCLUDING THE ASKARELS 


Full technical data and samples are available on request 


NATVAR conrorarion im 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
TELEPHONE CABLE ADDRESS 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 


207 RANDOLPH AVENUE @© WOODBRIDGE, NEW JERSEY 
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SECTION “OD” 





RCA Victor proves that the lightest 





metals do not always produce the light- 
est weight parts. This RCA Victor Portable Television 
Receiver is built with a ZINC Die Cast bezel and screen 
mask that weighs less than one pound, yet provides the 
strength and rigidity necessary for a structural part of the 
entire housing. 

The sharply edged brow, thin wall sections, streamlined 
shape, compound curves and built-in conveniences for easy 
assembly are possible only by the die casting process. Die 


cast of ZINC, this bezel meets every requirement for the 





modern styling of the RCA Victor Flight-Line Series of 


receivers 


HORSE HEAD SPECIAL ZINC AND ZAMAK ARE PRODUCED BY 


THE NEW JERSEY ZINC COMPANY 


DEVELOPERS OF THE ONLY STANDARD ZINC DIE CASTING ALLOYS IN USE TODAY 
oe 160 Front Street - New York 38, N. Y. 
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ANNOUNCING 


SILNIC 


BRONZE BY CHASE’ 


NEW... Nickel Silicon Bronze that combines high tensile 
and high yield strength with high conductivity, excellent 
cold-forming characteristics and high corrosion resistance 


Here’s big news for every user of silicon bronze! your own use. In its pages, you will find listings 
New SILNIC\! BRONZE by Chase is absolutely of physical and mechanical properties: high 
unique —the only alloy in the silicon bronze temperature properties; corrosion resistance 
family that combines strength, conductivity and data: essential fabrication information. You ll 
excellent cold forming characteristics to give find typical properties of some fabricated items 
your products sales and performance advan- reported, too. 
tages never belore avallabie. New Chase Srtnic Bronze has been thor- 
Look at the comparison chart. See how Chase oughly tested—in laboratories and on actual 
SILNIC BRONZE compares with the alloys you production jobs. Many months of work have 
have been using... how SILNIC BRONZE—an age- developed full infor ation about this new all 
hardenable nickel silicon bronze— gives you a And it’s all available for you! 
combination of properties no other alloy can So send in the coupon today for your free 
match! [his new alloy is available in rod and copy of the detailed Metallurgical Report on 
wire. Get full technical details right now by ete Sinic!T-™) Bronze by Chase. Or see vout 
mailing the coupon, nearest Chase Re presentative at any convenient 
The booklet you will receive gives you the oflice or warehouse listed below. But don't delay 
facts you need to evaluate this new alloy for —find out about SILNIC BRONZE now! 


Chase + 


BRASS & COPPER CoO. 


WATERBURY 20, CONNECTICUT 
SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


The Nation’s Headquarters for Brass, Copper and Stainless Steel 
Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles 


Milwaukee Minneapolis Newark New Orleans New York (Maspeth, L.| Philadelphia Pittsburgh Providence Rochester St.Louis San Francisco Seattle Waterbury 
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since 


CHASE BRASS & COPPER CO. Dept. EM-558 
Waterbury 20, Connecticut 


MAIL TODAY! 


[) Please send me my FREE COPY of the metallurgical report on SILNIC BRONZE. 
C) | would like a Chase Representative to discuss SILNIC BRONZE with me. 


Get the whole story on this 
amazing new alloy, Chase 
Sirnic Bronze. Send for your 


Name___ incest band seats eee es a 





FREE report on Mechanical, CompanyName a 
Physical and Fabrication Prop- 
erties. Get all the information Address 





you need to evaluate SILNIC 
BRONZE yourself! 


City___ sic cc State 
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Never before such capacity in so small 


~-~-lifle giant 


packs 75 amps. into 
423/32" x 2/16’ X 27/16" 


Here is exceptionally high interrupting capacity in the smallest bulk 
ever achieved—an ingenious design tested and built to serve indefi- 
nitely. 

Scaled down in everything but performance, all the notable values of 
Adlake mercury-to-mercury relays are here, including a molded coil, 
impervious to time and usage. 

The Little Giant, Type 1141, offers the long-proved advantages of 
Adlake design and construction: Perfect snap action without burning, 
pitting or sticking ... fixed, tamper-proof time delay characteristics 
... protection from dust, dirt, and moisture in a hermetically sealed 
case .. . quiet, chatterless operation. Like all the dependable Adlake re- 
lays, Type 1141 will require no maintenance. 

Our engineers will be happy to help you with your control problems 
— no obligation. Write The Adams & Westlake Company, 1168 North 
Michigan, Elkhart, Indiana. 


The Adams & Westlake Company 
New York... ELKHART, INDIANA... Chicago 


Original and Largest Manufacturer of Plunger-type Relays 
Established 1857 





Four Popular Models from Adliake’s Complete Line 





Type 1140 


Type 1101 Type 1123 Type 1133 
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ACTUAL SIZE 


New Little Giant Mercury-to- 
Mercury Relay, Type 1141. Nor- 
mally open contact. Based on 
power factor of 75-80 percent, 
the contacts are rated at 75 
amps. The Type 1141 relay also 
is rated at 8000 watts tungsten. 
Both ratings are based on voit 
age of 115 v., 50-60 cycles 


Circle 116 on page 17 


a Mercury Relay 


Circle 117 on page 17 
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A major resistor development for major 
commercial and military equipment producers 


a/oife 





70' 


FIXED COMPOSITION 


RESISTORS 





Stackpole Coldite 70+- Resistors substantially exceed MIL-R-11B and other 
critical requirements . . . at regular resistor prices. Exclusive Stackpole 
cold-mold processing assures truly outstanding performance in essential 
characteristics such as load life and moisture resistance. They're the easiest 
resistors to solder . . . and you can get them either in reels or Strip-packs 
for cost-saving automatic assembly. Prompt deliveries on small quantities 


from leading electronic distributors too! 










Electronic Components Division 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


TYPE RC-20 
( Y¥2-watt) 


TYPE RC-32 
(1 watt) 


TYPE RC-42 
(2 watts) 





. «in all standard values and tolerances 


3) Circle 118 on page 17 ELECT 
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Now! A bigger choice 
of G-E high current 
silicon rectifiers 


MORE THAN 290 TYPES LET YOU 
MATCH RECTIFIER TO JOB MORE 
ACCURATELY AT LESS COST 


Start With These Basic Units 









Type 4JA60 Type 4JA62 
series series 
Maximum Peak Inverse Voltage 50 to 400 50 to 400 
Operating Junction Temp 200 Cc 150 C 
Max. Ave. Forward Current Per Cell 
Stud temp 
80 C 64 omps 
92 


41 amps 
24 amps 





Mox. Allowable 
1-Cycle Surge Current 900 











900 amps 
Typical Forward 
Voltage Drop 





1.0 1.0 volts 


Then Pick the Variations You Need 


Positive polarity (stud is cathode) 





Negative polarity (stud is anode) 
Flexible braided lead 
Top stud 
Without fin 










With unmounted single fin 





Hundreds of stacked combinations for almost every circuit requirement. 
Up to 12 fins with inputs as high as 840 volts. 






For complete application and performance data call your G-E Semiconductor Repre 
sentative, or write General Electric Company, Semiconductor Products Department 
Section $20558, Electronics Park, Syracuse, New York 


GENERAL @@ ELECTRIC 
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INOW Y 


A HIGH TEMPERATURE FILM WIRE DEVELOPED BY 


APPLIED RESEARCH TO MEET 155°C (CLASS “F"”) 
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AGED DIELECTRIC TWISTS 
AIEE Procedure +57 
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PERFORMANCE en 90 100 NO 120 130 140 150 160 180 200 220 240 260 


TEMPERATURE °C 





a TSs°C 


@ Dielectric twist performance establishes 
Thermaleze F as exceeding Class *“‘F”’ (155° C 


@ Better factor of safety because of improved 
‘heat shock”’ characteristics. 


@ Good film flexibility under Class “‘F”’ conditions. 


@ Good balance of electrical, chemical and 
physical properties. 


: @ Ideal for Class “‘F”’ stator windings and high 
temperature layer or random wound coils. 


@ Presently available in square and rectangular 
wire; also in round wire, sizes #8-30. 


Any time magnet wire is your problem, consult Phelps Dodge for the quickest, easiest answer! 


INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 
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Photographed underwater 
at Fiorida’s Silver Springs 





New-product news from Louis Allis 


Underwater is home for this motor! 


New Louis Allis Immersible motor is built 
to operate in water, sewage, or liquid chemicals 


The Immersible motor can be adapted to operate in any kind of liquid 

— fresh or salt water, sewage, chemicals, or abrasive industrial cutting oils. 
It’s the ideal means to provide power in a vat or sump — at the bottom 

of a pool, lake, or ocean! 


No matter how deep your setting, the Immersible motor provides 
close-coupled power — saves you the need for expensive jack-shafting, 
intermediate bearing supports between pump and a surface-mounted 
motor, and mounting structures. 


The motor is oil-filled and sealed at the factory. Diaphragm breathers 
equalize internal and external pressure — eliminate pressure at the shaft 
seal and prevent leakage. All joints are sealed to keep water and dirt 

out. Vinyl-coated housing and stainless or suitably plated exposed parts 
resist corrosion. Mating surfaces of the housing and flange are precisely 
machined to provide accurate alignment of the pump impeller and casing. 


The Immersible, as shipped, is ready for horizontal or vertical mounting 
on pumps, agitators, mixers, or special equipment. Sizes range from 
34 to 40 hp. For additional information contact your local Louis Allis 
District Office, or write for Bulletin 2300, The Louis Allis Co., 

428 East Stewart Street, Milwaukee 1, Wisconsin. 





MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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TO MAJOR DESIGN PROBLEMS! 





Sawe SPACE with NATIONAL 


WEIGHT RETAINING RINGS 


These efficient and dependable rings reduce weight, save 


on materials and cut down production and assembly time. 
TI Ni F Avoid the waste of cutting down larger diameter shafting 
to form collars and shoulders by grooving smaller shafts 
to accommodate National Retaining Rings. Now in use on 


MATERIALS all types of machinery, appliances, toys...from heavy 
duty equipment to miniature electronic assemblies. Call or 
write for complete information and catalog, today! 
MO N FY SEND DRAWING OR SKETCH for retaining ring suggestions 
Wiad on your design application, or request National Retaining 
—_ Ring Catalog, today! 


Type ZH 7 Type YH 
(internal) open) (external) 





THE NATIONAL “YS 
LOCK WASHER 
COMPANY 






NEWARK 5, NEW JERSEY 
MILWAUKEE 2, WISCONSIN 
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CUTLER-HAMMER 
“ROCKETTE” APPLIANCE SWITCHES 











e Stiplined. design « « «THE PERFECT QUALITY ACCENT 
° Osh performance, . « » BUILT TO LAST AND LAST 


& Coons pluo-. » » SAVES SPACE AND COSTS MUCH LESS TOO 






Fer that moder touch with fundtional ologamor ... usethe 
CUTLER-HAMMER 
“ROCKETTE” APPLIANCE SWITCHES 

im your. Choice of) » colors * Aizen « amt achiatire- 
a» plus unowated circuits amangemente-| 
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NOW standard hand socket wrench 
or nut-runner 
drives THREAD CUTTING FASTE® 











Specifically designed to hold die-cast or cold-forged name plates, emblems and 
trim against sheet metal surfaces DOT's hex-head T.C.F. can be used 
many other applications which require a spring take-up fastener (with inte- 
gral washer) that pulls up tight without ba yn flat or contoured surfaces 
It cuts clean, deep threads on ed studs, even those that are chr 

ated. Used on non-vertical F. accomodates itself to any angle 

» to 20° from the vertical and, when supplied with a pre-assembled 


Plastic sealer, Makes a W ater-tight seal. The sealer preceaes the fastener 


nto the stud so that it is not damaged by the thread-cutting process 
..C.F. is available im quantity, with or without sealer, to fit 1/8”, 


3 16” and 1, 4”’ studs. Detailed drawings, dimensions and prices 


uest 
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STA-RITE PRODUCTS, INC., prominent 
pump builder, powers their products with A re) 
Smith motors such as the 2 hp, single phase 

Pe a Mae leh aa) 


and industrial tools like this 6 Prelate 1 
with A. O. Smith fractionals 


CLEAVER-BROOKS CO., uses 
A. O. Smith motors on their oil burners 
3nd boilers. Motor shown is hp, single 
phase, 115. 230V mode 


AIRTEMP DIV., Chrysle 
2s A. O. Smith mot 
phase 115 230 


208-220 440,550V mode 
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‘standard 
fractionals 


Custom-tailored “standards” 
Your A. O. Smith motor man can show you ove! 
1000 “standard” fractionals—rigid or resilient base 


ROPER HYDRAULICS CO., ... single or polyphase ... with 56 or 66 NEMA 


drives their line of mps with A. O. Smith : ’ 36 = 
rte vo scalp races i PaIMeS .... hor izontali or verti al mounting... ¢ apac- 
shown hos ‘2 hp motor itor-start or polyphase induction .. . 01 with almost 
iny electrical or mechanical modification needed 


Naturally, like all A. O. Smith motors, the trac 
tionals are quality-built and engineered in every 
respect. Furthermore, because A. O. Smith “stocks 
such a wide variety of fractionals, you can probably 
get a motor tailored to your exact requirements 
needing only minor modifications. That means you 


not only save board time but you speed delivery! 


Why not contact your A. O. Smith motor man now? 
Get the complete story on fractionals as well 
as A. O. Smith's complete line of integrals, hermetics 


and other types of motors 3 to 800 hp. 


Through research cS bette 


te 
r way 


eds baa cs ee) le 
on'their AA-1- Zip-Lift Electric Hoist, uses A. O 
Smith motors such as this specio hp, three 
phase, 220 440V mode 


\ | a 


AOSmith 


SS OS See Se 








ELECTRIC MOTORS 
Tipp City, Ohio 
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Manufactured under U.S. Patents: 2,455,885 + 2,795,221 








: NYLOK’ Series of 
SY TAP-LOK’ INSERTS 


\ 


This new NYLOK Series of self-tapping, 20% increase in wall thickness . . . propor- 

screw-locking Tap-Lok Inserts meets the tionately increasing insert strength. 

demands of the most exacting engineers. ' ' 
oe 3. Internal threads are supplied the full length 

Some of the design features of the NYLOK of the inserts to Class 2B or 3B specifications. 

Series include: The Nylon used in the NYLOK Series inserts 


1. The Nylon pellet imbedded in the insert resists heat, cold, moisture and most commer- 
“ween” inte: Ghee: matine threads, wiving 0 cial solvents. Available in regular and medium 
higher locking torque. lengths... NY LOK Series Tap-Lok Inserts 

meet all torque requirements of MIL N-25027 
2. Truncated external thread roots provide a ASG). 


In addition to the new NYLOK Series the full line of TAP-LOK INSERTS includes: 


The REGULAR Series—in short and The H-Series—in short, medium and The W-Series—a brass insert designed 
regular lengths. A slotted cutting edge regular lengths with Class 2B or 3B for wood applications 

type with Class 2B internal threads for interne) threads for use in wrought and aa : ; a 

; : high strength aluminum and mag- Phe SPARK PLUG Insert —four stan- 
general applications in aluminum and nesium castings (accepted for aircraft dard sizes and special sizes to cus- 
zinc die castings, and sand castings applications). tomer’s specifications 


Regular Series Tap-Lok Insert H-Series Tap-Lok Insert W-Series Tap-Lok Insert Spark Plug Tap-Lok Insert 





Regular Series Tap-Lok Inserts are manufactured to MIL MS 35914. 


There are two Tap-Lok Insert Drivers—one special hole preparations are necessary. Sim- 


for high production hopper feed runs, and a ply drive the TAP-LOK INSERTS into drilled 
simplified Driver for low volume installations or cored holes. They won’t strip and will with- 


TAP-LOK INSERTS ... available in case- stand vibration without loosening. Designed 
hardened cadmium plated steel, or stainless for maximum pull-out strength—they are 
steel . . . add more strength to threaded con- limited only by the strength of the material in 


nections in the newer structural materials. No which they are usea. 


* 2,641,948 + 2,704,473 + 2,817,987. Foreign Patents Granted — Other Patents Pending 


Send for TAP-LOK INSERT folders and specification sheets. 


GROOV-PIN CORPORATION ==: 





. . . ogg: for 

1128 Hendricks Causeway, Ridgefield, New Jersey . . . TWX Cliffside 26 ties Reilhlion 

IN CANADA: Metal and Wood Fastening Devices Co., 60 Lakeshore Road, Valois, Montreal 33 press fit 
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Lau Electro-Wheel =more air with less power 


Compact, Exclusive Lau Electro-Wheel moves more air 
against higher statics at minimum sound level 


We reversed the rotor and stator so we 
could center the motor inside the wheel 
on a stationary shaft. Result? More 
c.f.m. per watt input because the split 
capacitor motor delivers torque directly 
to the wheel. See how the venturi open- 
ings are virtually unobstructed for easy 
air flow. And flow it does because patented 
Electro-Wheel 
Preslok® which 
maximum operating speeds 50” 


Blowers use Lau’s exclu- 
wheels 


Sive 


increase 
, over con- 
ventional models 


COMPACT DESIGN Nothing extends beyond 


the scroll sides. Pre-punched scrolls let you 


choose any of four angles of discharge. 


The BIG 


Here's the 


SERVICE is practically nil c 


driven blowers 


ympared 
No starting switch! 
pulleys, bearing and shaft jo 


irnals 


moving part! 


QUIET! Shaft is rubber mounted. Me 


wheel assembly 


is factory-balanced as :; 


under its own power—just like 


Available in 9 and 
in full-width 


10 inch diamet 


sizes with 


and 34 
14 h.p. motors 

Now’s the time to check into Lau Electro- 
Wheels and other blower assemblies. Lau 
BLOWER COMPANY, 2027 Home Avenue, 
Dayton 7, Ohio. Other plants at Irwin- 
dale, California and Kitchener, Ontario. 


Wheel in air moving 
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Westinghouse motors 
double normal life 
for this application 


... at Ohio-Apex Div., Food Machinery 
and Chemical Corp. 


this standard AeA motor 


still pumping corrosive POC |, after 12 continuous months 
without maintenance or down time 


*‘We must have a dependable motor, completely sealed and cor- 
rosion-resistant,”’ says Mr. Burton Fitch, Ohio-Apex Division 
of Food Machinery and Chemical Corporation, Nitro, West 
Virginia. ‘“‘A corrosive atmosphere, plus phosphorous oxy- 
chloride drip and seepage, cuts motor life. Westinghouse 
Life-Line® ‘‘A”’ motors have already passed this replacement 
point twice... and are still going strong.” 

Westinghouse motors last longer because they’re designed for 
modern industry’s needs. For more facts about the Life-Line ‘‘A,”’ 
call your local Westinghouse representative . . . or write 
Westinghouse Electric Corporation, P. O. Box 868, Pittsburgh 
30, Pennsylvania. J-22034-R 


you CAN BE SURE...1F ITS Westi nghouse 


<= 


Unretouched photo of Life-Line ‘‘A”’ three-hp motor 
driving chemical pump at 1730 rpm, 100 gpm at 
Ohio-Apex. 


“‘Westinghouse Life-Line ‘‘A’’ motors have cut our 
motor costs substantially ... helped us keep our 
chemicals moving down the line,’’ says Mr. Fitch of 
Ohio-Apex. ‘“Their built-in ruggedness, plus fool- 
proof sealing against corrosion, means longer life, 
lower maintenance.” 
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where, how 


and why designers 


are applying 


aluminum’s unique 


properties in 


CONTROL 


CENTERS and 
METALCLAD 
SWITCHGEAR 


In both metal enclosures and con- 
ductors, aluminum is being used 
more and more by designers and 
manufacturers of control equipment 
and metalclad switchgear. Westing- 
house Electric Corp. has built motor 
control centers using aluminum bus 
bar and aluminum enclosures. Alu- 
minum has all the required electrical 
and mechanical properties, and of- 
fers many important advantages and 
savings. 

As the conductor in this type 
equipment, silver plated aluminum 
bus bar* has high electrical conduc- 
tivity, meets or exceeds electrical 
code requirements, is strong, light- 
weight and costs less than bare or 
plated copper conductor. 

An interesting future lies ahead 
for aluminum enclosed equipment. 
Utilities and industry have become 
more conscious of appearance and 
maintenance. No other material is 
as ideally suited for this application 
as aluminum. 

Aluminum enclosures or structural 
assemblies are corrosion resistant, an 





important feature in contaminat- 
ed atmospheres. Completed alumi- 
num equipment weighs less, is easier 
to install, costs less to ship, and has 
an extremely attractive appearance, 
and is practically maintenance free 
—saves on labor. 

Aluminum—in abundant supply 
today, and tomorrow—is being used 
to cut costs and improve perform- 
ance in all types of electrical equip- 
ment. Reynolds Engineering Service 
will work with you on your products 
or applications—from power source 
to end use. Call your local Reynolds 
office or write Reynolds Metals Com- 
pany, P.O. Box 1800-ED, Louisville 
1, Kentucky. 


*Silver Plated Aluminum Bus Bars are 
now commercially available for the first 
time from Reynolds Metals Company 
Write for brochure with complete details 


The Finest Products 
Made with Aluminum 


are-made with 


IMPROVING ELECTRICAL SYSTEMS 


FROM POWER SOURCE TO END USE... 
Watch Reynolds All-Family Television Program "DISNEYLAND", ABC-TV. 





aC UE TET, 
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SHIP VIA UNITED- 
THE WORLD’S LARGEST 
365-m.p.h. CARGO LIFT 


UNITED offers you the world’s largest 365-m.p.h. cargo lift, because every 













DC-7 in the fleet carries 9000 pounds of air freight. Add to this the hefty 
capacity of United’s DC-6A Cargoliners plus the extra cargo space on every 
passenger Mainliner” and you have the most flexible air freight service avail- 
able. And when you ship United, you take advantage of such features as 
teserved Air Freight (guaranteed space), direct airways to 80 cities, door-to- 
door service and fleet-wide radar dependability. Also, you enjoy the close co- 


operation that’s a matter of pride with United, where extra care is basic policy. 


IT COSTS NO MORE FOR EXTRA DEPENDABILITY— ON UNITED, THE RADAR LINE 
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OVERCURRENT PROTECTION FOR 
IN, GERMANIUM AND OTHER METALLIC RECTIFIERS? 
CALL ON HEINEMANN 
Now in use by a number of leading electrical equipment manufacturers, Heine 
mann Circuit Breakers and Silic-O-Netic Overload Relays are providing effectir 
protection for “sensitive” metallic power rectifiers 
However, generalizations are difficult to make. This is a demanding applica- 
tion. We at Heinemann must honestly admit we don't have all the answers. But 
we have found — through extensive testing and customer evaluation that the 
Heinemann hydraulic-magnetic actuating element can provide the close-tolerance, 
fast-acting response necessary to keep overload amperage within the required 
limits and, at the same time, eliminate nuisance tripping. Circuit breakers and 
relays can be produced with an instantaneous trip point low enough to prevent 
overcurrent heating and resultant rapid damage to rectifier barrier layers 
Heinemann protection has been an important factor in extending the practical 
ipplication of metallic rectifiers. 


But each particular situation requires treatment on its own terms. If you are 
concerned with the protection of silicon, germanium or other metallic rectifiers, 


chances are Heinemann engineers can help you. Your inquiries are invited 





ELECTRIC COMPANY 
99 Plum Street Trenton 2, N. J. 
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No maintenance problem here! 


Four Taylor laminated plastic springs have been flexed more than one 


billion times under heavy loads and corrosive conditions without failure 


Once the inated steel springs supporting the oscillat- 
ing tank on a rotary screen of a papermaking machine 
created a severe maintenance and production proble 

for a user of this equipment. Lubricants would not hold, 
rust developed, metal fatigued, and the equipment broke 
down. After many attempts to solve the problem by 
isual methods, Taylor laminated plastic springs were 
nstalled. Since then 15 years have passed, and there 


ive been no spring failures even though the loaded 


tank weighs 13.000 Ib. and oscillates at 300 eycies per 
inute, 24 hours a day, 6 days a week. The corrosive 
conditions around the machine have had no ill effect 


You, too, may have problems where the strength of 
Taylor laminated plastics, plus their moisture-resistant 
and wear-resistant qualities, can reduce maintenance 
time and replacement costs. Our application engineers 
vill be glad to discuss them with you and also the con- 
venience of our integrated plants at Norristown, Pa., 
and LaVerne, Calif.—-and make recommendations. Get 
the benefit of their counsel by contacting TayLor 
Fipre Co., Norristown 37, Pa 


See tables at right for properties of the Taylor 


t ed the fabricat f these or 
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Water cr f Heat Res ance 
Taylo 24 hr. immersion S Cu. in Rockwel max 
e max G per Ib Hardness 
ontinuo termitten 
f u F u F 
c 2 2 20.5 M-103 |200-225 22 
MECHANICAL PROPERTIES 
Flexural Strength Tensile Strength Compressive 
Taylo Flatwise psi mia Strength 
grade psi min psi min 
Lengthwise | Crosswise Flatwise | Lengthwise Crosswise 
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ESCO motors drive 20-ton super radar 


for terrier missile system! 


This extremely accurate, long-range radar provides amazingly 
advanced defense against supersonic assault from the air. 
Developed by Sperry Gyroscope Co. for the Navy, it spots and 
plots the course of distant invaders many miles beyond the 
horizon. Then in a matter of seconds, it directs the Terrier 
missile onto the target and relentlessly zeros it in for the kill. 


Two stories high and weighing more than 20 tons, almost half 
this massive system swings in motor-driven gimbals. Sperry 
chose ESCO for specially designed motors for the elevation, 
traverse and main drives (shown below ), as well as for power- 
driven doors, and other special applications. In all, over a dozen 
types of ESCO motors in fractional to 40 hp sizes were designed 
and built to meet special needs throughout the system. 


For solving drive problems such as this, ESCO offers invaluable 
engineering and manufacturing help, with over 40 years 
experience designing and building nearly every type of special 
purpose rotating electrical equipment. Write for design and 
brochure on motors, generators and motor-generators. 


ELECTRIC SPECIALTY CO. 


171 South Street, Stamford, Conn. 
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Tht NATITONAL SCGENE 


ANEW 
PHOSPHOR 
BRONZE... 


DUCTILITY INCREASED OVER 200% 





YET TENSILE STRENGTH 
iS STILL THE SAME! 


MILLER 
200-PLUS 


Fewer production problems—more uniformity 
Longer tool life—up to 30% more 
Fewer intermediate operations—and resultant savings 


Available in strip form 


Write for complete technical data 


ROLLING MILL DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 


..- WHERE PHOSPHOR BRONZE IS THE MAIN LINE—-NOT A SIDELINE 
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THis VWMATIONWAL SCENE 





TEN-TO-ONE THE 


Copper Clad Laminate 
YOU WANT IS HERE! 


From these ten basic PHENOLITE* Grades, 
you can select the base material, resin, 
properties and price to fit your present 
printed circuit need. 

If your problem is finding a suitable 
cold-punch material, try samples of 
XX XP-470-1. It’s designed for use in 
automated production equipment. If you 
are looking for higher heat resistance, 
check Grades G-10 and G-11. 

Out of National’s research laboratories 
come new advances every day. See your 
National Representative about new prod- 
ucts and applications. He can keep you 
posted on the full line of PHENOLITE 
Laminated Plastic, Vulcanized Fibre and 
National Nylon for electronic applica- 
tions across-the-board. In the meantime, 
write for our new ““PHENOLITE Copper 
Clad Data” folder. Address Dept. C-5. 


. NATIONAL 


VULCANIZED FIBRE CO. 
/ 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 





TYPICAL TEST VALUES ON COPPER CLAD PHENOLITE 
















































































































PROPERTIES OF BASE MATERIAL | COPPER CLAD PROPERTIES RELATIVE COST 
| Maximum | Based on XXXP 
Constant | Fart” | Absorption | Strength | wes — | 2S | && ee Arbiary 
| : Pounds to Pull Secs to Blister Megohms, Etched 
10¢ Cycles WO Cycles | 4g”, % 24 Hrs Psi Degree F 1” Strip 1” Square Retma Comb Pattern, 
—\' aaa oe > Greater Than 96 Hrs 35°C /80% RH 
P-214-B-1 53 a 18000 | 20 | 8 >10@, 475°F 
XXP-209-G-1 46 037 | 1.30 | 17,000 50 8 » 10 @ 475°F 
Pit 1.3 | 17,00 250 
PHENOCLAD 4.2 035 0.67 15,500 250 8 »10@ 475°F 200,000 
XXXP-219-C-1 5 030 0.70 15,500 250 8 > 10@ 475°F 500,000-1,000,000 
XXXP-455-1 4.0 026 | 0.55 | 23,500 250 8 > 10@, 475°F — |1,000,000-1,500,000 
XXXP-470-1 3.7 .027 0.48 14,000 250 8 > 10@ 475°F 300,000-500,000 - 
N-1-852-1 3.3 | .030 0.20 16,000 | 165 8 >10@ 450°F 2,000,000 
G-5-813-1 6.8 | 018 1.00 55,000 300 8 _ 5 a 
G-10-865-1 5.2 | 012 0.13 | 60,000 | 250 | 10 >30@ 500°F }1,500,000-2,000.000 
G-11-861-1 49 015 0.17 60,000 300 10 > 30@ 500°F 2,000,000 


nabs. t= neces 
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NY LO 


NYLON CAB Le HANGERS 


For strong, sure support. 


these new, 


Even under severe 
physical strength holds pre-formed shape 
indefinitely undamaged by oils, gasoline, 


alcohol, hydraulic fluids 


Self-insulating nylon is high dielectric non- 
conductor; eliminates hysteresis losses, 
grounds, shorts 


Cable insulation fully protected by rounded edges, 
matte finish inside surface of NYLOCLIP. Stud 

hole serrations running parallel to cable insure 
automatic alignment when screw is tightened — 
prevent cable chafing. Available in 17 standard 

sizes to accommodate cables or bundles from 4” to 2”. 


Meets MIL-STD-242 and NAVORD OSTD 
600-7-3.02.29 (int.) 


For proof of performance, send for samples.. to your specified sizes. 





MAY 1958 


. for sustained periods 
in temperature extremes froma -60 F to 250°F ... 
tough, lightweight, molded nylon cable 
hangers give you all the important features 

of metal, plus 


ss, NYLOCLIP’s high 








-610 







‘Ors 


ly, 


Wits, 


POUNDS 


0 






than comparable 
rubber-edged metal hangers 
, . costs less too | 


TM 





of Nyloclip supports 
this man’s full weight 
. 247 Ibs.! 





Norwalk, Connect. e Toronto, Canada 
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Two sound ways to 





Compact “LS” Limit Switches are 


ROTARY ROD 
ACTUATOR 





COIL-SPRING 
ACTUATOR 





ROLLER PLUNGER 
ACTUATOR 


ADJUSTABLE 
ROTARY 
ACTUATOR 





PLUNGER (IN-LINE) 
ACTUATOR 


Available in 6 Different Actuator Designs 


These are small two-circuit, completely sealed 
limit switches. Their small size and versatility 
of mounting permits compact installation on all 
types of industrial machinery which require de- 
pendable long-life precision switch gear. 


In this ‘‘LS”’ series there are six actuator designs. 
All rotary actuators are field adjustable to oper- 
ate in clockwise direction, counter-clockwise, 
and in both directions—with operation point 
adjustable to any position thru 360 degrees. Their 
heads can be faced in any of four positions. 


The 4"-N.P.T. internally tapped conduit open- 
ing is in the bottom of the housing. The replace- 
able basic switching unit within enclosure has 
No. 8 terminal screws. 


COIL-SPRING ACTUATOR 


Can be operated from any direction. Useful in 
foundry, conveyor and packaging operations. 


ROTARY ROD ACTUATOR 


Has extremely low force characteristics. Rod is 
adjustable to any length. Operating point and 
direction are adjustable. Excellent for use in 
counting and detecting applications. 


ROTARY ARM ACTUATOR 


The heavy duty forged aluminum arm actuator 
with roller is designed for cam and slide opera- 
tion. Field adjustable operating point and direc- 
tion. Its uses are unlimited. 


ROLLER PLUNGER ACTUATOR 


For slow-rise cams or slides, this actuator head 
can be rotated 90° for operation by cams whose 
approach is perpendicular to the mounting sur- 
face of the switch. 


PLUNGER (IN-LINE) ACTUATOR 


For use where the switch can be located so that 
the switch plunger motion is in line with the 
actuating device. Plunger has % inchovertravel. 


ADJUSTABLE ROTARY ACTUATOR 


Roller lever arm length is adjustable to any point 
ina 2% inch range. Head assembly can be posi- 
tioned to any of 4 sides of switch. Actuating 
direction and operating point are adjustable. 
For details as to electrical ratings, mechanical 
characteristics, adjustability, and other features 
on this series of limit switches, ask for Data 
Sheet 138 and Catalog 83 on enclosed switches. 


ELECTRICAL MANUFACTURING 
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improve initial design 





The New “E6” and V6”... Easier Installation 
... Better Sealing... Improved Insulation 





10 


2857 





L 


| 
3040 ! 


Actuator for straight, in-line operat- 
ing motion with controlled overtravel. 
Elastomer seal boot around actuator 
protects against dirt and moisture. 


ra 





a 


3040 


~ 


Roller plunger actuator for slow-rise 
cam or slide motion with controlled 


overtravel. Roller in line with case, 


MICRO SWITCH... Freeport, Illinois 
A Division of Honeywell 


MAY 19 


The new ‘‘E6”’ and ‘‘V6”’ series of 
small limit switches have many new 
and improved features over the design 
first introduced by MICRO SWITCH in 
1939. This design is the smallest and 
most compact enclosed limit switch 
available for all industrial uses. This 
new series is interchangeable with the 
old series—same mounting holes, and 
same envelope (housing) dimensions. 


The new housing is divided into two 
parts with the terminal screws ex- 
posed. This saves wiring time. 

The new one-piece elastomer com- 
bination insulator and seal is cemented 


Ask for Data Sheet 


Roller lever actuator for cam or 


ee slide motion, ad- 
| ™ justable horizon- 
i ~ iy tally through 360° 






and vertically 
through 225 Has 
elastomer seal boot 
around plunger. 





Roller plunger actuator for cam or 
slide motion with 
travel. Roller at 90 


controlle d over- 
angle to case, 


1S NOT a generic term. 





HONEYWELL 
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into the bottom half of the switch 
assembly, replacing a separate gasket 
and wrap-around glass cloth insulator. 
This saves installation time and pro- 
vides excellent insulation and sealing 
of the enclosure when assembled. 


The new housings have heavier walls 
yet envelope (housing) dimensions are 
the same as the old design. Hexagonal 
conduit hub facilitates connecting of 
conduit. 


Six different actuator types are avail- 
able. All six are available in either 
side mounting (E6) or bottom mount- 
ing (V6) designs. 


145 and Catalog 83 for data on line of enclosed switches. 





Plunger actuator for straight, in-line 
operating motion with controlled over- 
travel. 


Roller lever actuator for cam or 
slide motion, adjust- 
table horizontally 
through 360° and ver- 
tically through 225° 







onl. 


The two-word name MICRO SWITCH 
It is the name of a 
division of Honeywell. 


Honeywell 


MICRO SWITCH PRECISION SWITCHES 
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THREE 
good reasons why 
Cutler-Hammer 511 brakes 
are preferred 


throughout industry 


You, too, will find it pays to specify and install 
Cutler-Hammer 511 Solenoid Brakes. Available for 
either A-c or D-c service, Cutler-Hammer 511 Sole- 


noid Brakes are rated from 3 to 125 lbs. ft. torque 





continuous duty and 3 to 160 lbs. ft. torque inter- 
mittent duty. Write today for Bulletin 511 for com- 
plete description, ratings, optional features, and 
dimensions. CUTLER-HAMMER Inc., 1264 St. 
Paul Avenue, Milwaukee 1, Wisconsin. Associate: 
Canadian Cutler-Hammer Ltd., Toronto. 
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ARNOLD offers you the widest selection 
of Temperature Stabilized 
MO-PERMALLOY POWDER CORES 


Arnold Molybdenum Permalloy powder cores are available 


] 


with the temperature coefficient of inductance controlled 


within certain limits over specific temperature ranges. Most 


nd " 


core sizes and permeability comDinations Can De supplied 


in at least one of the four different types of temperature 
stabilization available 

For example, most of the popular core sizes are manu- 
factured in the new type of wide range—‘'W’’—stabilized 
cores whose temperature coefficient of inductance does not 


For more information write for 
Bulletin PC-104B 









exceed 0.5% over the temperature range covered by the 
MIL-T-27 specification of —55° Cro +85° € 

This type of guaranteed maximum change of inductance 
with temperature, as well as the constancy of permeability 
with time and flux level, are of particular importance to 
apparatus and circuit engineers. Many precision military 
and industrial applications demand the uniform performance 
and the excellent physical properties found only in Arnold 
Mo-Permalloy powder cores. 


} 


For design flexibility they are furnished in a full range of 





. 


sizes, up to §.218’’ O.D., in four standard permeabilit 





125, 60, 26 and 14. You will find them dependable and 
to use. You will find most sizes and types in stock nou 
for immediate shipment. 

@ Let us furnish your requirements for temperature sta- 
bilized Mo-Permalloy powder cores, or any magnetic mate- 


rials you need, from the most complete line in the industry. 


wWSW 699 








ARNOLD ENGINEERING (COMPANY 


Main Office & Plant: Marengo, Illinois 
(AL Repath Pacific Division Plant: 641 Eost 61s? Street, Los Angeles, Calif. 








18 eta Le} District Sales Offices: 
Sot Boston: 49 Waltham St., Lexington Los Angeles: 3450 Wilshire Bivd. 
ADDRESS DEPT. EM-85 New York: 350 Fifth Ave. Washington, D.C.: 1001-1 5th St. N.W. 
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Westinghouse Tri-Pac Breakers 
New Boss of 100,000 Amps 








* 
‘ 
LM Frame 

TRI-PAC is the new kind of Westinghouse circuit breaker that 
handles 100,000-amp fault currents with ease. 

TRI-PAC is a triple-package of circuit protection—it combines 
the advantages of thermal and magnetic trips (for 
overloads and moderate faults) with current limiters 
to handle high-value short circuits. 

TRI-PAC is the smallest protective device you can apply 
where 100,000 amps can be poured into faults — for 
example, in network systems and those fed by large 
transformers. 

TRI-PAC is far less expensive than equivalent air circuit 
breakers far safer and more convenient than 

E switches combined with fusible elements 
; TRI-PAC is available now, in 100-, 225-, 400- and 600-amp frame 
sizes all with 100,000-amp interrupting ratings. 
e . 


For details on the easy application and low cost of TRI-PAC 

please contact your nearby Westinghouse sales office, or write to 
the Westinghouse address shown below for copies of Application 
Data Bulletin 29-161 and Descriptive Bulletin 


1 


29-151. 






you CAN BE SURE...1F ITS 


| Westinghouse 


STANDARD CONTROL I 
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LL NEW! 
~ Veeder-Root 


ee, =| TSS Panel-Mounted High Speed 
pen Electrical Counters 













lie new Series 1591 Electrical Counters fill 
the gap between standard and electronic counters for 
industrial, data processing, or laboratory and scientific uses 


s They’re designed for accuracy and long life at very high 
see with speeds (rated at 3000 counts per minute, with extended 
test-runs up to 6000 cpm 


electric resetting And they have the unmatched convenience of instant 


push-button resetting, either mechanically right on the machine 
or electrically from a distance. Panel-groups of these 


o 7 ° 
in 1/10th counters can be placed right in your office . . . and one buttor 


can reset an entire panel. Counters feature large figures 
small size, low-wattage coils for continuous duty and other 


of a second V-R vantage points on which patents are pending 


These new and different counters are the latest evidence 
that Veeder-Root design and development always keep 
pace with modern counting requirements. Write for 
specifications and prices. 


Added Evidence £#/ 
that Everyone 


Can Count on 


| VEEDER-ROOT 


INCORPORATED 
HARTFORD 2, CONNECTICUT 
Hartford, Conn. * Greenville, S. C. * Altoona, Pa. * Chicago 
New York * Los Angeles * San Francisco * Montreal 
Offices and Agents in Principal Cities 





® 
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VARSIL 


the quality name for 


? 
f SILICONE RUBBER i 
' ON FIBERGLAS’ i 
\ (available cured / 
‘ and semi-cured) 7 
~ 
in a i 
: SILICONE VARNISH I 
\ ON FIBERGLAS* 4 
‘ 7 
* aa 
™ 7 - 


=e ae oo” 


DISTRIBUTORS 


Brooks Electrical Supply Co., Inc., Baltimore, Md 
John H. Cole Company, Oklahoma City, Okla 
Electrical Insulation Suppliers, Inc., Atlanta, Ga 
Hanna & Ferguson, Rochester, N. Y 

Hippler Sales Company, Webster Groves, Mo. 
Insulation Manufacturers Corp., 


Chicago, Ill Cleveland, O 
Dayton, O Milwaukee, Wis 
Detroit, Mich 


Pittsburgh, Pa 
J. F. Kerrigan & Company, Hamden, Conn 
C. D. LaMoree, Berkeley, Calif 
Los Angeles, Calif 

W.R. Punt Company, Floral Park, N. Y 
C. E. Riggs, Inc., Portland, Ore 

Seattle, Wash 
White Supply Company, St. Louis, Mo 


Export Agent: Lionel-Essex International Corp, New York, N.Y 
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_-silicone electrical insulation 


Varsil has long been considered the ideal where dependable elec- 
trical insulation under sustained high temperatures is required. 
Available in two popular types—silicone rubber on Fiberglas... 
silicone varnish on Fiberglas—Varsil also offers improved moisture 
resistance, high dielectric strength, and low power factor. Both 
types of Varsil are available in full width, 36” rolls and in tapes 
slit to customer specifications. 


@ COMPLETE TEST DATA AVAILABLE ON REQUEST 
© AGENTS IN ALL PRINCIPAL CITIES 


New Jersey Wood Finishing Company 


MANUFACTURERS Or FLEXIBLE ELECTRICAL INSULATION 


WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes 

Varnished ‘‘Fiberglas'’* Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL" Silicone Varnished ‘‘Fiberglas’'t 
Cloth and Tapes 





“VARSLOT" Combination Slot Insulation: 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 
Rag Paper and ‘‘Mylar'’* Polyester Film 
Asbestos Paper and ‘“Mylar'’* Polyester Film 
Kraft Paper and ‘Mylar'’* Polyester Film 
Vartex Varnished “‘Fiberglas’’* and 
“Mylar'’* Polyester Film 

Special combinations available upon request 


* Mylar, Du Pont’s registered trademark + Fiberglas, OQwens-Corning Fiberglas registered trademark 
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For easily-instalied, 
dependable voltage regulation 
use Sola 


mad 


FIVE constant voltage transformer types answer most stabilizing needs 
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Available tron For complete data write for Bulletin 6E-CV-170 


Bishop 2-1414 © Offices in principal cities ¢ In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 14, Ont 


CONSTANT VOLTAGE TRANSFORMERS REGULATED DC POWER SUPPLIES MERCURY LAMP TRANSFORMERS FLUORESCENT LAMP BALLASTS 


Sola Electric Co., 4633 W. 16th St., Chicago 50, III 
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Single New Rectifier Outperforms 


12 full size 


conventional 
stacks! 











Bp 5 Bp 6 
> 7 7 a 
' y B y pg 
> > > > 
= @ & *LI; 
j High current 
aqaio C r [- ; 
density 
Industrial 1 Selenium Rectifier 
Because the exclusive Siemens vacuum process eliminates the 
s eon a i 2a of an artificial harrier laver. it ia noasihl ww Radi. 
Produced by the improved new need of an artificial barrier layer, it is possible for Radio 
vacuum process developed by Receptor to offer smaller cell sizes operating at high current 
Siemens of West Germany and density, yet with lower voltage drop. In actual] dimensions 
now manufactured exclusively this means that just one RRco. HCD rectifier measuring 8” x 
adi -eceptor 7 fo : is kee ‘ ’ 
by Radio Receptor in the U.S. 16” x 25”, rated at 26V AC, 4500 amps DC, replaces twelv: 
usual stacks 6” x 714” x 10”. 

; RReo. Petti-Sel rectifiers do far more than save space. They 
” . Smaller cell sizes i : 


reduce assembly time, require fewer connections and cost 
t d 2 a 

Lower voltage drop less per ampere. Their dependability has been proved for 
No artificial barrier years in European circuits and the outstanding electrical 


Negligible aging with 


characteristics are not even approached by other standard 
an estimated life of cells available today. For further information please write 
1 j . _ ~ 
100,000 hours! } today to Section EM-5. 
| 


Semiconductor Division 
ia RADIO RECEPTOR COMPANY, INC. 
tadio anc 


| 
' ; | A Subsidiary of General Instrument Corporation 
electronic Products 
Elect — 192 : | 240 WYTHE AVENUE, BROOKLYN 11, N.Y. © EVergreen 8-6000 


Radio Receptor products for Industry and Government 
Germonium and Silicon Diodes, Selenium Rectifiers, Thermatron Dielectric 
Heating Generators and Presses, Communications, Radar and Navigation Equipment 
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Westinghouse 


RECTIFLOW 








A-C Adjustable-Speed Drive 


Economical...compact... more efficient... enclosed or dripproof 


A more efficient, economical drive ...in a 
new, compact, unit-frame package .. . that’s 
what you get in new Westinghouse Rectiflow* 

.. the newest a-c adjustable-speed drive 
available. . .designed for all your a-c variable- 
speed applications requiring 3 to 1, 2 to 1 or 
14 to 1 ranges — constant hp or constant 
torque ... between 7!2 and 75 hp in unit- 
frame design larger ratings available in 
bedplate construction. 

Offering inherent speed regulation of 5 to 
10% from no load to full load over the entire 
speed range, new Rectiflow is ideally suited 
for use with separate regulator. With 
Magamp* regulator, speed regulation is held 
to 0.1 to 1%. Power factor of new Rectiflow 
is approximately the same as an a-c squirrel- 
cage motor (efficiency approximately 5% less) 
*Trade-Mark 
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... and starting torque available up to 600% 
of full load. 

Completely electrical, only maintenance 
required by Rectiflow is that normally needed 
by an ordinary motor. NEMA mounting and 
shaft-height dimensions simplify installation. 
Standard, modern components, including the 
reliable Life-Line® “‘A’”’ a-c motor and the 
Life-Line ‘“‘H’’ d-c motor, in new Rectiflow 
drives, contribute to longer operating life, 
easy maintenance, reduced inventory of parts. 

Ask your Westinghouse representative to 
give you complete details about new Recti- 
flow drives. Or, write Westinghouse Electric 
Corporation, P.O. Box 868, 3 Gateway 
Center, Pittsburgh 30, Pa. J-22133 


you can BE SURE...i1F is Westinghouse (Ww) 








GE 


General Pilate Nifer 


Helps Wilbur B. Driver Company Provide Customers with 


Improved Radio Tube Material at Lower Cost 


The well-known 
Wilbur B. Driver Company serves 
the electronic industry by supply- 
ing top quality tube materials 
such as filament and grid alloys, 
carbonized pure nickel strip and 
carbonized G. P. NIFER strip. 
G. P. NIFER strip is low carbon 
steel faced on both 


sides with 


You can profit by using 
General Plate Clad 
Metals. 


as 


Oe 
7s 


NICKEL 


dense, heavy claddings of Grade 
330 Nickel. Wilbur B. Driver Com- 
pany cold rolls G. P. NIFER in 
Sendzimer Mills to precise thick- 
nesses for customers who fabricate 
radio tube parts. And, reports 
Wilbur B. Driver Company, NIFER 
not only saves on material cost, 
but produces better carbonization, 
resulting in superior radio tube 
performance. 





METALS & CONTROLS 


General Plate Division 





General Plate Division is con- 
stantly developing new clad metals 
which save weight, cut costs, in- 
crease strength, conserve materials 
in critical supply, improve per- 
formance and offer other advan- 
tages not found in single metals. 
Why not write today for catalog 
GP-1 and get acquainted with the 
potentials of G.P. Clad Metals in 
your products? 





CORPORATION 


1905 Forest Street, Attleboro, Mass. 


FIELD OFFICES: NEW YORK ® CHICAGO ® DETROIT * INDIANAPOLIS * MILWAUKEE ® PASADENA 
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Computing Components 
Instrumentation and Controls 


BY LIBRASCOPE 







RRs 

















Ball-Disc Integrator for use in total- 
zing, rate determination, differential 
analyzers, of as a closed loop servo 
element 0.0)%Viav) optimum repro- 
Gucidility 


Linear integrator 

instruments requiring 
age computatio 
ing mounted on c 





for systems or 


Flow Computer extracts 
and continuously integrates both differ 
ential and static pressures for applica 


tions such as orifice measureme 





Custom Gears; Limit Stops, Shafts, Cou- 
pling and Cams for computer, servo- 


mechanisms and instrument 2pplications 


















nt of 
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Analog Digital Converters for convert- 
ng shaft position to digital information 
available in Binary, Gray code or Binary 


decimal. Aiso Sine Cosine functions 









Sine Cosine Mechanism for problems 
of changing variabies involving vector 
components, range and bearing computa- 
tions, sight computation, etc 


Linkages 
precision addition, subtraction 
multiplying linkages and function gener- 


ators with displacement output 





Hollow Shaft Differential 
versatility in summing angular shaft 
positions; Hollow Shaft reduces bread- 
board and production costs 


offers greater 
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X-Y Plotter and Recorder for point or 
continuous plotting, with positive me- 
chanical drive in recording graphic data 


Several models and accessories available 


Magnetic Storage Drum f 
storage applications; capacit 
non-volatile bits; drum speed 


k frequency 130 ke 


Read-Record Heads for high fre 
quency, non-contact recording applica 


Planimeters for miniature strip chart 
recorders for simple integration with 
variable speed control; 2 models: square 


root and linear 
There are available catalog sheets, bulletins 
or folders on all our products 
& 2 > © 
% RELIABILITY is the prime consideration in the so ie 
design and construction of the extensive line of 
No. £10-1 406 No. M10-1 


Librascope products —the result of 20 years in the No. 10M-1 No. 310398 


No. 304062 
successful manufacture of mechanical, magnetic, : 
optical, electronic and electrial instruments for PRECISION F 
is 
CAL 






tions in magnetic memory systems; high 
read back signals 





military, research and commercial uses. 
Your requirements for development or i B R ASCOP 
manufacture of similar products 
are requested. 
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MAKE IT OF ALCOA ALUMINUM BECAUSE... 


AVERT UTLE 


Aluminum windir 

strength and |} , . . 
ciarioiiatod” we ai stalled High-strength castings of 
ine nator il sceiieientailien Aluminun tems often we 


, S nu l is one 
Nia hich monte ; a where light weight and strength are third of the total | equip 


ind ment on boa y to see 
single aluminum wiring can h 


Wiring in 
for ser \ 
posed in rotors of t size ha yn sie, shat tatente ' the handle 
been a major prob iS a 


l ! i ndreds 
of heavy industrial q ment : e ace 5a Stron I 


{ istr critic 
Lightweight aluminun provided reer ghtweight tool 


deadweight 
in ideal answer 


THESE PRODUCTS 
TAKE ADVANTAGE OF 
ALUMINUM’S LIGHT WEIGHT: 

























Aluminum weighs only a third as much as an equal 
volume of other common metals. Here’s how you bene 
fit from this light weight when you design and build 
your products with aluminum: 

Built-in Portability—For products that have to be 
noved from place to place, every ounce of aluminun 
that replaces a heavier m iterial adds a sales advantage 
that lasts throughout the life of the unit 


Lower Inertia Losses— Moving parts made of light 


weight aluminum start, stop or change direction with 
less wasted energy. Rotating aluminum parts are sub- 
jected to lower centrifugal forces, and wherever alun 

num is used, supporting structures and framing can be 


Easier Installation—Light weight makes aluminun 


= j ‘ VA : } 
easier to handle and - Workmer accomplis 
more, Du ding ind sem t costs are lower ind ti 
iving is realized the to your customer. 


Lower Shipping Costs—Transportation charges art 


















much lower with alur l Whether as basic mater 
oO! finished prod gint ‘ gnt S . 
Oo I nie 
Alcoa w t to é tag oO 
ht veight + . ] ; » de 9 i bu j 
There = I Al < g e*€ é ) t ore! 
competent ad { 4 ) yr rite t A y 
( ompal oO \ I \ B ] 9 | 
bur » Pe : 
‘ ( 
ALCOA ') 
A 
ALCOA THEATRE 
a 
| lL¢ able slevisi I"} mobile electri wel nit ‘ e effect {tir ! i elect 
yh strong. portable television smo ‘ . f og | 
sets like this depend on aluminum's luminum inside and out. A ninun gnets of this type is increased by 
F rugged strength and inherent light bus efhiciently carries the electrical the ise of lightweight aluminun 
ness Designers recognize that ah load nside nd i minums thgnt vyindings This means tl t cables 
minum offers just the right combina weight, strength nd corrosion ré¢ nd crane suff \ nd tear 
of good looks and strength for sistance assure long carefree service fron fting 1 load of the 
itions like this of the van body itselt magnet 
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FIT 12 OF THESE RECTANGULAR POTENTIOMETERS 
IN A PANEL AREA OF 1 SQUARE INCH! 


BOURNS 


Laboratories, Inc. 





AND ACCELERA 
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TOBRIGHTENUP 


YOUR PRODUCT 


Where do you want to put the selling 


1 j ) 
power of colorto Work In your product 
Now you can get rigid, strong parts 
like these 77 i whole spectrum of 


opaque, light-fast colors. How? With a 
new, amazingly durable plastic molding 
material—Durez polyester 

These parts combine rugged strength 
with other qualities you'll find in no 
other color plastic. Their electrical 
properties are outstanding. They're in- 
herently fire-resistant—meet Underwrit- 
ers’ requirements for appliances 

You can use Durez polyester in 
many places where you can't use other 
plastics, because molded parts show 
virtually no change in dimensions after 
moldip g! 

Your molder can get this new plastic 
now in a variety of standard colors. It 
comes in a dry granular form and is 
easily molded on standard presses with 





PLASTICS DIVISION 


HOOKER ELECTROCHEMICAL COMPANY 


1305 Walck Road, North Tonawanda, N. Y. 








ers c S D 
tO Spl Sales ¢ Cons Solves shrinkage problem! [hes 
Write DuREz PLastics D parts for Singer Sewing Machine 
yh Electrochemical Cot from D 9) 
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KLIXO Pa Protectors 


Standard Equipment on Flint & Walling Motors 





‘*A KLIXON motor protector is standard 
specification in all single phase Flint and 
Walling motors. The owner of an F & W 
water system is assured of overload protec- 
tion because his pump is powered by a Flint 
and Walling motor protected by a built-in 
KLIXON Protector.”’ 

That’s how Lauren D. Eckhart, Chief 
Engineer of Flint and Walling, producers 
of domestic and farm water supply equip- 
ment, sums up his feelings about KLIXON 
Protectors. 





METALS « CONTROLS 


Spencer Division 


—f 3 


And Flint and Walling is one more pro- 
gressive manufacturer who counts on 
KLIXON Protectors to produce maximum 
motor performance with minimum failures 
during periods of overload. 

You, too, can get maximum overload 
capacity with dependable over-tempera- 
ture protection in the motors that operate 
your equipment . . . just specify and use 
KLIXON Protected Motors. Write now for 
complete details on KLIXON Inherent Pro- 
tection for single and polyphase motors. 





CORPORATION 


3605 Forest Street, Attleboro, Mass. 
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THE AMERICAN HAS BEEN ACCUSED of being a 
gadget-worshipper. True enough, he is struck 
by the novel and intrigued by the clever. But 
the true genius of the American is far less 
rooted in the gadget than it is in the simple 
and straightforward device or machine. We 
have a long and honorable history that goes 
back to the clean design of homemade tools, 
appliances and weapons of our frontier days. 
These may have been rough-hewn and homely. 
but, in the main, they were free of super- 
fluities and excrescences. 

We have just passed through a “gilded era” 
of product design. How much of the current 
stagnation in consumer buying is a latent sign 
of a buyers’ revolt against supergadgetry and 
gaudiness is a reasonably cogent question. 
Dollars are fewer and buying is selective. 
Such things as gold-plated casters on vacuum 
cleaners, built-in file systems for freezers. 
multi-hinged refrigerator doors, ranges and 


clothes washers with contro] panels that would ° 


befuddle an aircraft pilot, begin to pall. The 
homely virtues of good and just design begin 
to dominate the consumer's buying instincts 
and motivate his buying decisions. 

We may have been going through a period 
of design self-delusion. Complexity in design 
is not per se good design. All too often. the 
contrary may be true. In fact. design complex- 
ity may be symptomatic. at the least. of lazy 
design; and, at the worst, of downright poor 
design. It has been said frequently that it 
takes longer to write a short letter or editorial 
than a long one: by analogy. it may take 
longer to design a product with the optimum 


implicity Does It! 


attributes of simplicity than one encumbered 
with unnecessary so-called “features.” 

Granted, we .live in a world of missiles, 
space satellites, and miracle devices of all 
kinds. Whether all these advances in science 
and engineering make this world the best of all 
possible worlds for mankind, is perhaps de- 
batable. But on the grassroots level of products 
for the home, the office and the shop. we may 
do well by going back to our heritage of sim- 
ple and straightforward design. What the con- 
sumer wants is this: reliable performance; 
simple and safe operation: ease in mainte- 
nance and servicing: lower price by elimina- 
tion of wasteful production and distribution 
costs. 

The lush designs of the automobile industry 
have already been challenged by the con- 
sumer. The popularity of the simple, foreign 
car is clear evidence that the consumer has 
become disenchanted with the overstuffed, 
overlong, accessory-laden American car. As 
this editorial is being written, a survey report 
issued by the General Federation of Women’s 
Clubs indicates that the club members show 
a widespread resentment “against gadgets, the 
need to enlarge garages, the difficulty in park- 
ing. inflationary prices and poor workmanship 
at both factory and service-station levels.” 
The same facts of life apply to other products 
areas as W ell. 

Let’s get back to the fundamentals of sim- 
ple, straightforward design for our appliances 
and other products we need in day-to-day liv- 
ing. . . . Let’s leave the complexities to the 
scientists at Cape Canaveral! 


ZB. & 7 


Special Features Editor 
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to the profession and the field in which he cast 
his lot. Publishing suited this purpose exceed- 
ingly well, for through the printed word his con- 
tributions were widespread and continuous. 

\fter serving in the L. S. Army during World 
War I, Mr. Fletcher joined The Gage Publishing 


was As 
field representative 
1931. he 
Director of the 


Company in May, 1919. Successively he 
Manager. 
Manager. In 


Secretary and 


sistant Advertising 
Advertising 
President. 


He Was one 


and hee ame 


Vice 
company. E.LEC- 


rRICAL MANUFACTURING, which started publica 


of the founders of 
tion with the \pril 1928 issue and has « ompleted 
its 30th year. In 1941, Mr. Fletcher was appointed 
President, Treasurer Director. 
tions he filled until his death. 


and which posi- 
On all levels, he was uncompromising in his 
demands for quality—quality in circulation. qual- 


ity in research and above all, quality and depth 


in editorial content. It is this qualitv-conscious- 


Inter se concel 
ELECTRICAL MANt 


associations ale 


Tn i held th 
n that ass i 
the Execut { 
Nat il Bus 

to these proless 
for communit 


lives 
In his later 


. ] 
creasingiy 


| | 
where ne 


was 


j 
plannir 


the time to 


responsibility ar 


19509, 1n 


appointed—L. J 


ness Mar ager, al 


latest organizat 


released to L. J 


bilities as Publi 


At the 


rURING. 


Heffernan Busi 
these 


Supporting 


a. 
topped DV asso 


(,age 


ardent advocate 


planning was his strategy to achieve this end. 


All his assoc 


nts were 


devoted to 


He care 


additior 


same time, he 


clates ol 


Publishing Company. 


; 


es of ELECTRICAL \MIANt FAC 


letcher's dynami 


enlisted by protessi 


itions Audit of 
of Director and ° 
He was a member 


and Vice President 
cations, Inc. In 


forme! 


ttee 


di af Vilies, he 
ilfs I 


Garden City. L. 


Fletcher's attention 


nd them. then charged them 


d corresponding authority. 
wo new 


who then 


Perrottet. 
er. J, 


mm move came n 


Was 
Oliver. Editor. 
ottet the « | 

of ELECTRICAL 
Var iger!l 


men 1s a 


well 


f 


Fletcher 


Was 


of smoot 


iates mourn the passing of L. 


Fletcher but treasure his principles and frier 


stimulation. 


eleve has hilter 


also found ti 


omplete respor 
I 


m 


chose his lieutenants. toc 


R- 


energy. [nevi 


al 


Circulation 


d to publishing. He was a pioneer 


Treasure 


additior 


n 
ifi- 


staff organization and 


1k 
with 
In 
to L. C. Bassett. Vice President 
and Co-Publisher, t Vice Presidents were 
Busi- 
Fletcher's 


1956 when he 


=]- 


VIANUFAC- 
appointed Philip T. 
of the publication 
integrated staff 


lor > experience in The 


al 


transition, and careful 


1]. 
ul 


iv 











tructural 
and 
Electrical 
Applications 
of Aluminum 
in Europe 


This survey assesses and illus- 
trates engineering experience 
with aluminum in research. de- 
velopment and manufacturing 
of electrically energized equip- 
ment. It is based on selected pa- 
pers presented at a symposium 
sponsored by the British Alumi- 
nium Development Association 


in London during May. 1957. 
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Electrical 
Manufacturing 
Staff Report 
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Ir WAS NoT UNTIL WorRLD Wark II. when other metals were 
in short supply in Europe, that aluminum* emerged from 
its almost exclusive use in transmission lines to its present 
-tate as a material with almost unlimited possibility in 
design of electrically energized equipment. Aluminum has 
proved to be not only an excellent conductor of electricity 
but a sound material of construction for electrically 
energized equipment and an unusually flexible materia! 
in the design of electrical components. 

Europe has. for many years. been far in advance of 
the rest of the world in designing with aluminum. In 
many cases this advance has resulted from critical short- 
ages of other materials. where a substitute became 
mandatory. In other cases it was a normal technological 
advance due to superior inventive genius. 

All countries of Europe have many uses and practices 
in common when designing with aluminum. Each coun- 
try. however. has problems and usages peculiar to its 
own economic, engineering, technological and cultural 
conditions. These problems, usages and conditions will 
be expanded in the following paragraphs under the major 
classifications of Great Britain. France and Germany. 
amongst whom most major differences occur and are 
most pronounced, This does not preclude discussion 


under any of these headings of practices common to all. 


British Experience 


Great Britain has taken great strides in the develop- 
ment of aluminum and its alloys. These advances have 
followed the paths of electrically conductive materials 
and materials of construction. 

Materials of Construction. \< a material of con- 
struction. aluminum has proven itself to be a highly valu- 
able'and indispensable metal in the fabrication of elec- 
trically energized equipment. Results with this metal 
show easier handling. improved methods of equipment 
manufacture. lower transport costs. advanced pre-fab 
rication. lower maintenance costs and ease of mainte 
nance of finished products. 

Castings and wrought forms are the two modes in 
general use in Great Britain for making structural parts 
The range of components that may be produced as alumi- 
num castings is very wide. ranging from small, accurate 
pressure-die-castings (Fig. 1) to large, complex sand 
castings (Fig. 2) for components of heavy equipment. 
For stressed parts, gravity-die-castings are recommended. 
with their mechanical properties often being enhanced by 
heat treatment. Table I gives the composition, properties 
and uses of the more popular British casting alloys. 

The generally used wrought forms of aluminum avail 
able include materials such as pure aluminum sheet and 
strip. and non-heat-treatable alloys suitable for pressing 
operations, deep drawing and shaping to requirements. 
The heat-treated alloys are generally stronger and are 
often used in the form of extruded sections. Table II 
sives some information on four alloys commonly used in 
wrought form for many general purposes and structural 
work. 

Joining. In connection with structural work, alu- 
minum and its alloys can be readily welded by a variety 
of processes. British procedures include gas welding. 
metal-arc welding, resistance welding, tungsten-are weld- 
ing and inert-gas metal-are welding. For sheet and light 
sections both the gas and argon-are methods have been 
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Fig. |—Components of fractional hp motor. 
The rotor is aluminum—pressure die-cast from 
LMO ingot material through a laminated steel 
stack to form bars and end rings—and has an 
integral fan. The stator consists of steel stamp- 
ings held rigidly together by a body of alloy 
1.M2-M cast around them. The four air ducts 
are formed during casting. The end plates, also 
of LM2, incorporate ventilation louvers and 
strengthening ribs. Source: Hoover Ltd. 


I ig. 2 Junction box and cover in alloy LM6-M. 


Fig. 3—Ten-mva, 3300 1100, three-phase trans- 
former with aluminum tank. Source: British 
Oxygen Co., Ltd. 


Fig. 4—Tank for transformer in Fig. 3. Source: 
British Oxygen Co., Ltd. 
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found suitabl with the latter process being 


because of its speed and cleanliness. For work in thicker 


prete rrea 


materials. and where long runs of welding are encoun 
tered. the highet speed of the consumable-ars process is 
advantageous. Dissimilar allovs and wrought-to-cast com 
binations may be satistactorily welded. provided the 


1] 
correct alloys are selected and due attentio 


is paid to 
joint des oO} 

Transformers. Aluminum has bee ised for trans 
former tanks because of its lightness. In a tvpical case 
Fie. 3) the weight was half that of a steel tank. although 
the cost was 75 per cent greater. In British experience. 
is considered important where the cost 


the weight sav 


dismantling heavier structural materials is prohibitive 


This applies also to the use of aluminum coil clamp 


struct P< { ese are chosen to reduce welg! 





There are instances. however. where the noumagnetic 
properties of aluminum can give reduced stray losses and 
so make it preferable to steel. There are also some cases 
where small tanks have been made of aluminum for its 
corrosion-resistant properties. Here the user must decid 
whether the extra cost will be offset by savings or 
painting, 

There are certain fundamental properties of aluminum 


which affect the design of transformers of all sizes: these 


are resistivity, spec ific heat. spe ific weight and. on large 


transformers, tensile strength 
The direct substitution of aluminum for ppel 


indings gives a reduction in load losses through leak 


a Also. in the case of very-short-time overloads. the 
winding temperature-rise is governed chiefl hy the 
thermal capacity of the windings It may t sald 


' Applications of 
Aluminum in 


England 


Fig. 5 — Die-cast aluminum 
components in telephone in- 
strument. Top row illus- 
trates ear piece; middle row 
the base and frame; bot- 
tom row is the diaphragm. 
Source: Ericsson Telephones 


Ltd. 


Fig. 6—Two-motion selector 
frame, aluminum-silicon die- 
casting. Seurce: Eriesson 
Telephones Ltd. 


Fig. 7—Part of switch con- 
tact bank showing alumi- 
num spacers. 


Fig. 8—Rack of automatic 
telephone switches. 


Fig. 9—Meter with extruded 
aluminum cover. 


Fig. 10 Cast aluminum 
bracket for cross-connection 
wiring. 
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I ; . ' i 
hat typical aluminum-wound transformers have the sar aterial 





temperature rise on overload as ¢ tuivalent copper-wourn formers. 


units, ympared 


The tensile strensth of aluminum decreases apidl be ofiset 


may be only one-third of the value at normal tempera 


with temperature so that. at 250 ( . the tensile strenet} having al 


tures. Although these temperatures may 


short circunt. this reduction in streneth aqdoes not Mipo 


Dost naue 
additional limits on design. A more Important etlect 1 ent is 
temperature however. is it innealing the iluminu reat sigt 
While tensile strength values can he improved by work The fir 
hardening. the improvement holds only while e trans ! 
lormer is new. since the aluminum will eventua reve perat 
to the dead-soft condition at temperatures thin thre ind wher 
workit range of the transformer 

\ may nhibition to the use aun | S 


ee 
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Table I—Composition and Properties of Some British Aluminum Alloy Castings 


for Use in Electrical Equipment 

















Minimum 
mechanical 
B.S.\| Composition (per cent) Condi- properties Uses 
(*.3; Single values are maximum unless otherwise stated tion Ten- _ Elonga- 
sile tion 
strength on 2 in. 
- (tons e 
Al Cu Mg Si Fe Mn Ni Zn Others sq. in.) % 
Lm2 rem. 0.7 0.30 9.0 1.0 0.5 1.0 1.2 Ti 0.2 M~ Chill 9.5 - Pressure die cast- 
2.5 11.5 Sn 0.2 cast ing of small accu- 
Pb 0.3 rate parts 
LM4 rem. | 2.0— 0.15 4.0— 0.8 0.3— 0.3 0.5 Ti 0.2 M_ Sand 9.0 2 Sand and gravity 
4.0 6.0 0.7 Sn 0.05 cast die castings 
Pb 0.1 Chill 10.0 2 
(Mn+ Fe cast 
1.3) 
LM6 rem. 0.1 0.10 (10.0 0.6 0.5 0.1 0.1 Sn 0.05 M$ Sand 10.5 5 Same as LM4 
13.0 Pb 0.1 cast 
Chill 12.0 7 
cast 
LM8 rem. 0.1 (03-35-06 0.5 0.1 0.1 Sn 0.05 | P Sand 9.5 Large sand and 
0.8 6.0 Pb 0.1 cast gravity die cast- 
Ti 0.2 Chill 12.0 2 ings — corrosion 
Nb cast resistant 
W Sand 10.5 2.5 
cast 
Chill 15.0 5 
cast 
LM22 | rem. | 2.8— (| 0.05 4.0— 0.7 0.3 1.5 1.5 Pb 0.05 W_ Chill 16.0 8 Same as LM4, but 
3.8 6.0 0.6 Sn 0.05 cast may be heat treat- 
Ti 0.2 ed 
Nb 
LM24 rem. 3.0— 0.1 7.5 1.3 0.5 1.0 1.0 Pb 0.3 M Chill 11.5 1.5 Same as LM2 
4.0 9.5 cast 
M As cast. P Precipitation treated. W Solution treates 
would possibly compare favorably in respect to this cost. savings of weight. Figure 5 illustrates types ol castings 


The second application is for transformers using a 
high-temperature coolant such as chlorinated hydro- 
carbon fluids now in development. At 150 C, cellulosi: 
(paper) insulation is precluded and even silicone mate 
rials may be affected by the fluids. An anodi 
aluminum has found to be 
these fluids. The superior space factor and lower cost 
may make it more suitable than glass braid. 

Communications Equipment. In the construction of 
communications equipment, aluminum is used extensive! 
for die-cast Additionally. a 
large quantity of aluminum in the British telephone serv 


surface 


layer on heen resistant to 


frames ol 


complex form. 


ice is used in the spacing segments for contact assemblies. 
where the ability of aluminum to flow under pressure is 
made use of to accommodate dimensional differences in 
the contact and insulating segments. By means of this the 
complete assembly. made up of more than sixty layers 
of components, can be constructed to very close overall 
dimensional tolerances. 

4 most important application 


LM6 


Superiority of aluminum is in the ease of casting and 


of aluminum is in die 


castings of material for telephone instruments. 
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used in the instruments. 

The greatest quantity of aluminum in British telephone 
exchanges is found in the components of the automatic 
switch. Here it is essential that the shock energy of the 


actuating mechanism be readily absorbed and not be 


allowed to reappear as bounce due to the resilience of 


frame members. For this reason. either a massive 


lrame 


or a “dead” material is necessary. With the small space 


available for switch mechanisms. the frame must neces- 


sarily be of a complex nature so that the various operat- 


ing mechanisms may be fixed in the minimum 


space. 
Such a frame. shown in Fig. 6. in aluminum- 


strength of 


is made of 
with a tensile 


mately 10 tons/sq. in. 


silicon die-casting approxi- 


This material does not require heat treatment and is 
therefore suitable since production costs are low. A die- 
casting is necessary since parts have to be closely tol- 
eranced for reliable operation when parts are replaced. 
With this material for the framework. bounce is reduced 
to a minimum and a satisfactory life performance is 
obtained. 

The switch itself consists of the driving mechanism, 


LECTRICAI 
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Table !i—Composition and Properties of Some British Wrought Aluminum Alloys 


Used for Structural Purposes 








Alloy | Max. composition (per cent) ; : 
(B.$.1470-77 | - . 0.1% proof In. tensile Elongation 
series) Al Cu Mg Si Fe Mn stress strength on 2 in. 

aca : “ , (tons/sq in.) (tons/sq in.) (%) 

NE4-M rem. 0.15 1.8-2.7 0.6 0.7 0.5 = ec - 
11.0 18 

NE6-M rem. 0.10 4.5-5.5 0.6 0.7 1.0 17.0 18 

HE30-WP rem. 0.10 0.4-1.5 0.60-1.3 0.6 0.40-1.0 16.0* 19.0 10 

HE15-WP rem. 3.5-4.8 0.85 0.9 1.0 1.2 26.0* 30.0* 4 

*Test pieces up to 6 in. diameter or mirimum cross section. 

M = As manufactured, i. e. without subsequent heat treatment 

WP = Material which has been solution-treated and precipitation-treated 


Table tll—Weight of French Alternator Having 
Different Combinations of Aluminum and Copper 
Stator and Rotor Windings 





Variant designs 


| il itl iV 
Stator Cu Stator Al Stator Cu Stator Al 


Rotor Cu Rotor Cu Rotor Al Rotor Al 
Efficiency (per cent) 95.5 95.5 95.5 95.5 
Weight (metric tons) 12.0 13.5 13.35 13.5 
Weight of stator 
winding (kg) 550 (Cu) 260 (Al) 550(Cu) 250 (Al) 
Weight of rotor 
winding (kg) 600 (Cu) 600(Cu) 240 (Al) 240 (Al) 


mounted on the framework shown in Fig. 6. which selects 
proper contacts that move over several sets of fixed con- 
tacts, thus selecting the appropriate circuit. Construction 
of the fixed-contact assembly. of which there may be as 
many as five to an individual switch mechanism. demands 
a close-tolerance finished assembly made up of no less 
than twenty layers of contacts and thirty layers of insula- 
tion, together with ten layers of spacing material. (See 
Fig. 7). A further advantage of using aluminum is that 
the comparatively light weight of the unit reduces floor 
loading of a fully equipped rack of such switches, such as 
is shown in Fig. 8. 

Another interesting use of aluminum is in the covers 
for meters (Fig. 9). Here space is important and a light. 
cheaply produced cover is essential. Owing to the shape 
of the unit. which is long and narrow, such a cover was 
not easy to fabricate until the impact-extrusion process’ 
was developed. 

Throughout the range of telephone exchange equip- 
ment there are many small components for which alu- 
minum sand-casting is found satisfactory. such as cable 


*For a review of America ract ‘ 4 s of A 
Evectnica, Manuracturinc, M 19% 


MAY 1958 





Table 1V—Comparable Data for French Trans- 
formers Designed for Copper and 
Aluminum Windings 


Transformer A: 500 kva 15,000/220 volts 





Weights in kg 








Sainte - — Weight 
Copper Aluminum ratio 
Magnetic material 895 1,100 1.23 
Windings 405 203 0.5 
Tank 540 570 1.06 
Oil 920 1,030 1.12 
Total weight (kg) 2,760 2,903 
Transformer B: 2,000 kva 15,000/500 volts 
Weights in kg 
Weight 
Copper Aluminum ratio 
Magnetic material 2,440 3,090 1.26 
Windings 1,025 462 0.45 
Tank 1,700 1,770 1.02 
Oil 2,950 3,165 1.07 
Total weight (kg) 8,115 8,487 


support brackets, combined-equipment 


wire location brackets. (See Fig. 10). 


mounting and 


In addition to telephone exchange equipment, radio 
components such as amplifiers, oscillators and antenna 
reflectors are structurally formed from aluminum because 
of the ease of die-casting and lightness of weight. 


German Experience 

Germany. more so than France and England, is rely 
ing more on the structural than the electrical qualities of 
aluminum in the design and fabrication of electrically 
energized equipment and components. 

Structural Uses. Besides the applications of alu- 
minum as a conductor material, there is an extremely 
wide field for its use in Germany as a material for struc- 
tural parts in electrical equipment, mainly as castings. In 
this application, the fact that aluminum is nonmagneti: 
is a general advantage. Of advantage also is its low 
weight, ease of casting into difficult and complex shapes, 
and the small amount of machining required after fabri- 
cation. Often, especially on pressure die-castings, no 
machining is necessary at all. 


These structural applications of aluminum include 
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Structural Applications of Aluminum 
in German Products 

















Housing 


Fig. 11—Cast aluminum housing for large generator. 
Fig. 12—Housings for standard three-phase motors. 
Fig. 13—-Housing fer an electric shearing tool (nibbler). 


Fig. 14—Mechanical rectifier. The contact bearing outer ring 
is of aluminum-silicon alloy. 


Fig. 15—110-kv outdoor switch with device for removing un- 
used oil by centrifugal action. The rotating part (top right) 
is suspended from the housing ‘bottom right). 


Fig. 16—Three-phase heavy-curremt switch (the light surfaces 
are aluminum castings). 


Fig. 17—Pressure die-cast framework of measuring device used 
with a thermostat. 


Fig. 18—Pressure die-cast switching device for compensating 
regulator. 


Fig. 19—Pressure die-cast base plate for electric meter. 











shields for generators (Fig. 11), motor casings (Fig. 12). 


parts of electric tools (Fig. 13) and rotary converters 
(Fig. 14). There are also many design possibilities in 
the fabrication of switchgear (Figs. 15 and 16). and of 
instruments and meters (Figs. 17, 18 and 19). 

These German experiences may well prove the way to 
widespread use of aluminum and its alloys in structural 
design’ of electrically energized equipment. This may be 
especially true in view of the fact that other structural 
materials are periodically in short supply. 

Electrolytic Capacitors. Electrolytic capacitors have 
a leakage current which increases with temperature and 
decreases with the purity of the aluminum foil used for 
the anodes. Figure 20 shows the considerable improve- 
ment gained by using foil of 99.99 per cent purity instead 
of 99.85 per cent. Similar factors govern the amount of 
power necessary for reaching nominal working voltages. 
as shown in Fig. 21. In aluminum foil for anodes, iron. 
copper and silicon impurities have an unfavorable effect. 
Therefore, use of super-purity aluminum foil for this 
purpose has increased considerably. For cathodes. 99.85 
per cent aluminum is used in d-c capacitors. In a-c capac- 
itors, the plates are normally of 99.5 to 99.85 per cent 
pure aluminum foil. 

French Experience 

Traditionally, the majority of French users show a 
marked preference for copper every time the question of 
an electrical conductor arises. In spite of this, the use 
of aluminum conductors is increasing daily. This con- 
dition obtains mostly for economic reasons, although 


technological advances in fabrication are 


aluminum 
increasingly narrowing the gap in use of aluminum. 

Windings. For these usages. the only conductor in 
current use is still, in effect. copper. Although aluminum 
windings were in successful use before the first World 
War. their importance emerged during. and after. Wor!d 
War II. This extended use of aluminum was coincident 
with a severe shortage of copper. Therefore, drastically 
cut In copper sources. engineers were forced to resort to 
aluminum. 


In addition to having no copper. manufacturers had to 
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Fig. 20—Variation of leakage current with temperature of 
500 F. 500/550-volts-working electrolytic capacitors. De- 
creasing purity of the anode causes increasing current, espe- 
cially at higher temperatures 





use alternative insulating materials or lacquers of poot 
quality. In the case of oil-cooled transformers it was 
often necessary to use chlorinated dielectrics instead of 
oil, and the necessary precautions were not always taken. 
The action of these dielectrics on the insulants was often 
disastrous. For these reasons, aluminum was often un- 
justly blamed for poor performance. Despite these facts. 
large numbers of these equipments have operated suc- 
cessfully over long periods so that the quantity of 
failures have been negated when evaluated truly. 

The use of aluminum has presented no constructiona! 
problem. Fabrication is simple, as is the making of joints 
and terminals (Fig. 22). The use of aluminum in the 
windings of large d-c machines, synchronous motors 
(Fig. 23), large synchronous machines. medium-power 
machines with salient poles, for converter sets and turbo 
reductors, and for synchronous compensators has been 
intensively studied in France. These studies show that 
aluminum is perfectly suitable for field windings and 
interpoles of d-c machines, for stator and rotor windings 
of alternators, and for squirrel cages. 

Variant Designs. In France there are four variant 
designs for motor windings: machines wound entirely 
with aluminum, entirely with copper, with rotor windings 
in copper and stator in aluminum, or with stator in 
copper and rotor in aluminum. The foregoing is illus- 
trated in Table III, where a 1500-kva, 11.000-volt, 500- 
rpm alternator is analyzed, in which the output is the 
same whichever metal is used for the windings. 

Structurally, housings and other supporting parts of 
motors have successfully incorporated aluminum in de- 
sign. Fig. 24 shows a pressure die-casting of a squirrel 
cage rotor. 

Transformers. those of 
machinery. the windings of transformers are of com- 


Compared with rotating 


Continued on page 310 


No. 726 


Fig. 21—Formation characteristics of capacitor illustrated 
in Fig. 20 after idle storage at room temperature. Capacitors 
with high-purity aluminum anodes need less energy for 
reaching working voltage than do anodes of 99.85 per cent 
aluminum, 
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French Applications of Aluminum 


Fig. 22—Preformed flat aluminum armature bars, ga-- 
welded in pairs. 


Fig. 23—Assembly of anodized aluminum bars in a rotor 
having short circuit three-phase windings for 315-hp, 415- 
rpm motor. In the foreground are the preformed sections. 


Fig. 24—Pressure die-cast squirrel cage rotor of 99.5 per 
cent aluminum for compressor of a refrigerator unit. 


Fig. 25—40,000-kwa, 150/42-10.4-kv transformer with alumi- 
num windings. 





R-F Permeameter Techniques 
for Testing Ferrite Cores 


Vew r-f permeameter designs developed at the National Bureau of Standards bring increased 


accuracy and versatility to the measurements of toroidal samples of commercially available 


ferromagnetic materials. Described are equipment. equations and typical results for: 


© complex initial permeability measurements over frequency range 


of} 20 ke to 50 me 


® temperature dependence of r-f permeability measurements from 


room temperature to over 275 C 


@ reversible permeability 


fields up to 12 oersteds. 


\. L. RASMUSSEN and A. E. HESS 
NATIONAL BUREAU OF STANDARDS BouLperR LABORATORIES 
Boulder. Colorado 


RADIO-FREQUENCY PERMEAMETER TECHNIQUES. used in 


measuring commercially available toroidally shaped 
ferromagnetic materials. give highly accurate and precise 
measurements of (1) frequency and temperature ae- 
pendence of initial complex permeability and (2) of d-c 
biasing field dependence of parallel reversible permea- 
bility. The utility of these techniques has been demon- 
strated at the Boulder Laboratories of the National 
Bureau of Standards. 

Permeability Definitions. By definition, the mag- 
netic permeability » is the ratio of the magnetic in- 
duction B to the applied field strength H. 

Initial permeability is the limit approached by B/H as 
B and H are decreased toward zero. It is a measure of 
a material in the virgin magnetic condition. 

Due to losses within a material, B must lag H: there- 
fore, » and B become complex quantities which may be 
designated as »* and B*. The expression for initial com- 
plex permeability is 

ue yu jp 7 
where »’ and »” are the real and imaginary components 
of the initial permeability. 

Parallel reversible permeability measured with a d-c 
field parallel to the applied r-f field is the limit of r-f 
permeability approached as alternating H is decreased 
toward zero. 
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measurement with parallel d- 


biasing 


R-F Permeameter. The r-f permeameter is an im- 
pedance transformer. (/}7 It has a wound, powdered- 
iron. toroidal core as a primary and a shorting enclosure 
which envelops both the primary and toroidal test sample 
core as a secondary, Figs. 1, 2. 3. Removable primaries, 
provided’ with connectors for terminals at one end of 
the enclosure. have different input impedance for the 
approximate frequency range from 20 ke to 50 mc. These 
small 
amounts. The core to be tested is inserted into the perme- 


frequency limits may in fact be exceeded by 
ameter secondary where it is surrounded by a_ nearly 


uniform sheet of current. Relatively small impedance 
changes in the secondary are easy to detect at the input 
to the primary. Because the form of the test core is 
toroidal, corrections for end effects are not necessary. 
Permeameter cavities have been constructed to accom- 
modate toroidal samples in the following range: 1 to 1.6 
in. OD, 14 to % in. 


ID. and heights to approximately 


In making measurements, the primary of the perme- 
ameter is placed in one arm of an r-f impedance bridge 
or across the terminals of a Q meter. Input impedances 
of the primary are then measured with (1) permeameter 
secondary open, (2) permeameter secondary shorted 
without sample, and (3) permeameter secondary shorted 
with a sample enclosed. From these data, the initial 
permeability (u’) and the dissipation factor (tan 6, = 
uw” /u'), ie., the reciprocal of the Q of the material, are 
derived. 


numerals in parentheses refer to Cited References at end of article. 
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schematic drawing 


of r-f permeameter 
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Permeameter Equations. 
initial permeability 


Equations for the 


and dissipation factor have been 
developed from the transformer representation of the 
permeameter (Table 1) to cover the frequency range 
20 ke to 50 me and to include relatively low-loss to rela- 
tively high-loss materials. Subscripts 1, 2 and wu in the 
circuit representation designate the impedance param- 
eters of the primary, the secondary and the addition 
to the secondary from the presence of a test sample, 
respectively. 


The general solutions for permeability and loss tangent 


MAY 
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Disassembled view. 





2 5 


3 2 


Frequency, megacycies 


@ Initial complex permeability measurements obtained with 


it r-f permeameter. 
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Table I—Permeameter Equivalent 
Circuit for Frequency Range 20 kc 


to 50 mc 


(including symbols and definitions for cal- 
culations of Table I/) 


Qo Qi+ Qe 


tan § 


m 


= Initial real permeability. 


Initial magnetic-loss factor. 


Angular frequency. 


= Equivalent air inductance of test core. 


= Input resistance and inductance with 


permeameter secondary shorted. 


= Input resistance and inductance with 


permeameter secondary open. 


Input resistance and inductance with 
permeameter secondary shorted and a 
sample enclosed. 


Resistance and inductance of second- 
ary without test core. 


Additional secondary resistance and 
inductance due to sample. 


= Effective Q of primary core. 


Voltage applied to permeameter pri- 
mary. 


= Voltage appearing across the open- 


circuited secondary with V, across the 
primary. 


Effective turns ratio of primary to 
secondary or V,/V45. 


- Capacity required to resonate L,. 
- Capacity required to resonate L,. 
= Capacity required to resonate Ly. 


= Q's corresponding with C,, C,, and 


C,, respectively. 


&” divided by p’ (definition of dissi- 
pation factor). 


expressed in terms of resistances and inductive reactances 
are given by equations (1) and (2) in Table IL. These 
equations can be expressed in terms of resonating capac- 
ities and Q's as equations (3) and (4) of Table Il. 
Calibration and Accuracy. [he permeameter may 
be calibrated for permeability measurements by reference 
to a set of standardized toroids, made from relatively 
stable powdered iron, which have little change in real 
permeability with frequency and have relatively low 
losses. An accuracy of the order of | per cent was ob- 
tained by using standardized toroids measured for this 
purpose on the primary standard of r-f permeability. Phis 
primary standard is a variable-length coaxial line con 
nected to a radio-frequency bridge. (2) The permeability 
of an electrically thin sample is determined from the 
change in length of the line upon introduction of a test 
core at the end of the line The length change ts equiva 
lent to the inductance change produced by the sample. 
The accuracy for permeability is 2 per cent and for 
dissipation factor is estimated 10 per cent o1 0.006 
whichever is the larger) from 100 ke to 35 me with a 
( meter calibrated for capacitor increments as the meas- 
uring device. If a sample has extreme properties sur h 
as a relatively high or low inductance. permeability, 
or loss. the accuracy may be reduced accordingly. Ac- 
curacy of measurements may be estimated from the 
accuracy of the parameters as given In the equations. 
(See Fig. 4 for frequency dependence curves of initial 
complex permeability of a ferrite toroid, as plotted from 
the equation of Fable I] using the permeameter of Figs. 


] ) 
i 


Temperature-Dependence Measurements. | «1 
temperature dependence measurements Figs. 5. 6) the 


permeameter has a toroidally shaped ven of copper In 
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Table li—General Solutions for Permeability and Loss Tangent 


In terms of resistances and inductive reactances: 


ane (Ses on") |, Lit Lio 
a N? (R;,)? 7 (wl)? | (R,,)2 + (wL,o)2 


deni tuk Ru G1) Ry [(Ro)? + GL,,)?} - Roy (CR)? + GL)? 1 (#—*) 
wel, ow Gey) [ (Roy)? + (eL,,)?} — oly, {(Rp)? + CL, ,)?} 


, 


u 
where Ry, = R;— R,, Ly, = L, — Ly, Ry; = Ry R, and Lj, = L,; — Ly. 


Except at the lower frequency end of the range where it is difficult to make high Q primaries, the following rela- 
tionship is true (Ry, )* <<< (wL,,)2. 


In terms of resonating capacities and Q's: 


1=(¥) (&) te) ee 3 


)2 (= - Cs 
- oa - % 


Lt AG 


Co; 
—=K(C Cc 
e. <t) (S)eco ¢ oes 


Q® Q 2 
: ; (C,,)? |. ( = 2) 
® 


C, 
(Cy) (Cy) 
(<2) 1) (Ory 


—————— ne ae 
S ce 
. 1 - of 
et +(2 Q; 


where K = 1/w?N2C,,, Cy, = Cy —C, and Cy, = Cy — Cy. 


Electrically heated permeameter shown with primary ter- 

minals plugged into a Q meter. Secondary is open, expo- 
ing glass-fiber heat insulation and narrow circumferential slit 
between the two copper pieces of the oven cap atop the test 
core. The slit prevents shielding the magnetic material from 
the r-f field. while maintaining sufficiently uniform temperature 
in the sample. Leads at the left energize the non-inductively 
wound resistance heater wires encased in copper at the oven s 
underside. Attached inside the oven, for determining temper 
ture, are thermocouple leads from the opposite side of the 
permeameter. Hose connections on the right and left and the 
center conductor at the top are used for a water coolant which 
circulates in hollow permeameter walls. The range of the oven 


is from room temperature to greater than 275 ¢ 


R-f oscillator 
and detector 
(Q meter) 


R-f permeameter Potentiometer 
with oven for determining 
insulation, efc oven temperature 


Woter coolont 
and pump 


Oven heater 
fee) meee) hy 


lemperature dependence of r-f initial complex permeabil- 
Block diagram of associated equipment for temperature- ity of a ferrite material at 1 me obtained from measure- 
dependence measurements. ments using the permeameter of Fig. 5. 





the secondary (surrounded by elass-fiber insulation) and 


a water coolant circulating in the permeameter walls. The 


oven has a toroidal sample space of the following dimen- 
sions: 1.15 in. OD, 0.5 in. ID and height of 0.25 in. The 


toroid is enclosed in the oven by means of a two-piece 


copper cap. A narrow circumferential slit between the two 


copper pieces is necessary in order to avoid shielding 
the magnetic material from the r-f field and still main- 
tain a sufficiently uniform temperature in the sample. 
Measurements have demonstrated that a toroid, heated 
relatively slowly, approximates the oven wall temperature 
and has a nearly uniform temperature distribution when 
non-inductively wound resistance heater wires encased in 
copper in the under side are energized. Water circulat 


ing in the walls of the permeameter maintains the body 


of the permeameter at an almost constant temperature 
while the oven is in operation, 

The temperature range of the oven is from room tem- 
perature to greater than 275 C (527 F). A copper-con- 
stantan thermocouple junction located in a corner of the 


oven is used to determine temperature 


The effect of any small magnetic field from the heater 
wires is negligible on a ferrite test core with a coercive 
force of 0.08 oersteds. Eddy current shielding effects 
from the oven walls are also negligible. 

The accuracy and prec ision ot temperature dependen e 
measurements are approximately the same as those made 
with the r-f permeameter. Measurements of complex pet 
meability changes are about as precise as the maximum Q 
as read from the QV meter or the null determined from a 
bridge. Permeability changes as small as 0.003 per cent 
per deg C for a material with a permeability around & 
can be measured. (See Fig. 7 for temperature dependence 
of initial complex permeability curves of a ferrite toroid. ) 

Reversible-Permeability Measurements. | make 
parallel reversible permeability measurements (Figs. 8, 9, 
10) on r-f magnetic materials. a relatively large r-t 
permeameter was constructed to provide a d-c biasing 
field parallel to the r-f field in the test toroid. 


done by incorporating the permeameter symmetrically 


This was 


within a shorted section of coaxial line. The center 


ductor protrudes through a hole in the center of the 


NBS permeameter for reversible-permeability measurements 


Coaxial permeameter for parallel reversible 

permeability measurements mounted on a Q 
meter with toroidal ferrite test core inserted in the 
open secondary. The center and outer conductors 
center rod and outer case of the permeameter, re- 
spectively) form a d-c coaxial line with one open end 
to which are applied d-c currents as high as 60 amp. 
Line is electrically insulated from the permeameter 
body. Permeameter secondary is shorted with shorting 
plate and three-piece clamp assemblies at left. Pri- 
mary input terminals at bottom protrude through 
holes in the shorted end of the d-c line. Cylinder seen 
on the right adds height to the outer d-c conductor of 
the d-c path to reduce distortion of a d-c magnetic 
field at the sample to a negligible amount. 
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permeamete! and is sepal ited from the permeameter by . : i ; ae SM 1 duration 
an electrical insulator. The open end of the d- coaxial » min each. 


line extends approximately one outer diameter above the 2. The 60 d-c current was reversed 


permeameter secondary so that the parallel field is neglig turned to the initial direction. 
. - ° 1 * ) faker ? r} en a-¢ 
ibly distorted. D-C currents in either direction as high }. Data were taken for the given d 


is OO amp are passed through this line. At 60 amp. the n order of decreasing magnitude until ze 


magnetic field 1 cm from the center of the permeameter reached 


= approximately 12 oersteds, An r-f choke i - . Current 
circuit prevents r-f currents of significant values from Data wer 10 iven d-c current 
ippearing in the line. Slight corrections are necessal! OF incl ing magnitude to OU amp 
r the small changes of the primary impedat current 1s probably 


- lowest permeability 
Irom the application of the d-c field. : di 
é ; ! t on th i- nagnetization curve. 


h a ferrite test sample in the permeameter 
| 


following measurement procedure was appli 


varallel reversible permeability at a olin taint: tare 
see Figs. 11, 12 for example of graphic represer upon the history of 
f versin field 10 times shoul 
data ° mal un > 7 hvste resis 
l Data were taken with the : rent, alll he > PI wont repro eit > te 1 greater deg 


alle biasing held it ze! ie 3 . oO I ; ( 


ersible perme hil t\ 


( oaxial permeameter nea 

ly assembled. After outer 
conductor is in position, a wire 
is connected to the d-c inner 
conductor projecting centra 
rod) to complete the d-e current 
path An rf choke not 
shown) is also inserted in the 
d-c cireuit. Primary input im 
pedances are measured with 
| permeameter secondary 
open, (2) permeameter second 
iry shorted without sample and 
; permeameter secondary 
shorted with a sample enclosed 
while various amounts of d-« 
biasing field are applied. The 
d-e field, applic ible in one of 
two possible directions, is par- 
allel to the r-f field inside the 


permeameter sec ondary 


f 


ae 
OT 


+ 


g Parallel field dependence of reversible permeability ob- »p Parallel field dependence of reversible dissipation ob- 
& & tained from measurements using permeameter of Fig. 8. ) “ tained from measurements using permeameter of Fig. 8. 
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Procedures for 


Testing A-G Solenoids 


The correct application of a-c: solenoids 
can be greatly improved and simplified 
by a clear understanding of what rating 
characteristics are used and what testing 
methods are used in determining those 
characteristics. A te hnique is developed 
for measuring clearly defined require- 
ments to benefit users in both the indus- 


trial and home appliance design fields. 


D. O. MYERS and I. GEBEI 
ippliance Controls Division 
(CONTROLS COMPANY OF AMERICA 


Schiller Park, Illinois 


\ SURVEY OF AVAILABLE COMMERCIAL LITERATURE o1 i 
solenoids indicates a wide divergence ol opinion in the 
choice of characteristics which are 


onsidered essential 
te the specification of the solenoid. There are, practically 
speaking, as many ways of presenting these characteris 
tics as there are manufacturers of solenoids. eve n though 
the same types of data are used as the bases for the 
fioures. Any attempt to compare the characteristics of 
different makes becomes difficult since all of the condi 
tions under which the data were obtained are not eiven. 
It is evident that test data depend upon the methods and 
techniques used to make measurements and also upon 
the manner in which certain variables are controlled 


Since each manufacturer tends to favor some particular 
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laracteristic. that characteristic is probably ised as tl 
principal controlling factor in the conduction ot his tests. 

Some of the characteristics used to describe solenoids 
are: 

1. Pull curves at 100 per cent voltage with a multiplier 
used to obtain pull at 85 per cent of rated voltage. 


2. Pull characteristics in tabular form 


Pull curves at 120, 110, 100 and 90 volts with a ec 
temperature of 95 F. 

tL. Volt-ampere data or curves. 

>. Current data or curves 

6. Wattage curves 

7. Duty in strokes per minute for per cent “on” tir 
at 100 per cent voltage. 

It is evident that not every solenoid application re 
quires knowledge of all of these characteristics. In ger 
eral, applications can be divided into two main cates: 
ries: industrial and home appliances. The 
difference between the two is that the industrial solenoid 
is designed and built for long life several million 
veles). whereas the intended life of a solenoid for 
ppliance would usually be below 100.000 evcles. hh 
nost cases the latter would far exceed the expected lite 
f the appliance itself, 

\ large percentage ol industrial solenoids are sed 
n controls for machinery and operate at regular inter 
vals. Thus. the number of strokes per minute is an 
important selection factor. For most appliance appli: 
tions. however. the intervals are irregular and the sol 
noid must satisfy Underwriters’ Laboratories requir 
ments for temperature rise. 

Minimum operating voltages are also specified from 
the users’ experience. In the appliance field these values 
mav vary from 90 to 100 volts for 120-volt ratings. It 
would therefore seem important that the pull curves be 
supplied at different voltages. Industrial applications 


fewer voltage fluctuations than are encountered in 


have 
homes. but to avoid confusion the submission of curves 
at different voltages would appear desirable here also. 


Current or volt-ampere vs stroke curves are desirable 
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and are of considerable interest to application and test 
engineers. The current curve at 120 volts should usually 
suffice for this purpose and would eliminate any doubt 
as to the choice of a particular value. Power or wattage 
curves are not too important since the power consumption 
is relatively small when the plunger is seated. 

To summarize. then. the selection of solenoids can be 
simplified if all applicable data are provided and if 
characteristics of importance to the application are given. 


In general, the latter are as follows: 


Industrial Solenoids 
Duty: 
per cent “on” time and per — ers’ 
cent of stroke at 100 pe 


{ pplian: e Solenoids 


strokes per min. fo! Duty: to meet Underwrit- 
Laboratories require- 
ments. 

cent voltage. 

Pull vs stroke curves at 100 Pull vs stroke 
120. 110, 100 and 90 volts 


at specified temperature. 


curves at 
and &5 per cent voltage at 
<pecified temperature. 

Steady-state current 


120 volts. 


Steady-state current vs 
stroke curves at rated volt- stroke curves at 


lhe procedure and te hnique for establishing common 
characteristics should be the same for either appliance o1 
Having determined such 


industrial applications. once 


characteristics, test methods which will give repeatable 
results at minimum cost must be determined and used. 

Solenoid Characteristics. Up to the point of satura- 
tion, the instantaneous flux in a solenoid is proportional 
to the instantaneous exciting current. For a constant 
sinusoidal voltage and frequency. the instantaneous val- 
ues of flux and current also vary sinusoidally and are 
in phase with each other. On this basis. the instantaneous 


force ata fixed plunger displacement can be expressed: 
} (bh, sine) 
or the average force is 
h 
I —- or | - 
be i2A 
Since flux also equals ampere-turns times permeance, 
VPP Vep 
I a where —~ f 
i2A i2A 


is essentially constant for a given displacement. Thus, 
for a given solenoid, the average force is proportional 
to the square of the current. Consequently, any factor 
that affects voltage o1 
directly affects the pull of the solenoid. 


One characteristic of an a- 


current (such as impedance ) 
solenoid is that. with a 


constant voltage, the average flux is nearly constant. 
Therefore, with the plunger extended to its maximum 
stroke, the current must be high in order to maintain 
the excessive flux leakage. At the same time. the voltage 
drop due to resistance is nearly equal to that due to 
inductance, and any changes in resistance due to heating 
directly affect the pull. As the plunger moves into the 
coil, the linkage coefficient improves and inductance in- 
creases. The current needed to maintain average flux 


After the 


plunger is about three quarters of the way in and as it 


thus decreases and the phase angle ine reases, 


continues to move toward the closed position. the changes 
in resistance due to heating have little effect on the pull. 

The instant a solenoid is energized, a transient current 
is set up in the coil. Depending on the instantaneous 
value of the voltage at the time of energization. the 
transient current may be anywhere from zero to a maxi- 
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mum. The maximum transient current approaches a 
value twice the normal and. since force is proportional 
to the square of the current. a maximum pull of four 
times the normal can be obtained. This factor and others, 
such as voltage and temperature’ variations and 
wave distortion, make the determination of average force 
dificult. 


the following general effects due to changes in variables 


However, from the force-current relationship, 


can be expected: 


1. Pull changes 2 per cent with a 1 per cent voltage 
change. 

2. Pull is inversely proportional to the square of the 
impedance and, with the plunger in the full stroke posi- 
tion. a change of 1 per cent in resistance can cause a 
| per cent change in pull. 

3. Pull decreases approximately 0.3 to 0.6 per cent 
per | deg C increase in temperature. 

tL. Average pull can be greater due to transient current 
at the instant the 


5. Pull is adversely 


solenoid is energized. 
affected bv wave distortion and 


saturation, 


The per cent values given above for the effect 


due to resistance and temperature changes are for one 


mn pull 
particular design. The effect of resistance changes on 
other designs would be similar to that above. while the 
effects of changes in other variables would be the same. 
Static pull characteristics for constant voltage, frequency 


ind temperature are show: Fig. 1 for four sizes of 
solenoids. 

The question now arises as to what is the best temper- 
From the 
standpoint of application. pull curves should be taken at 


which the 


ature at which to conduct pull measurements 


the temperature at solenoid is to operate. 
However. since the temperature on various appliances 
could Vary overa wide range. a ¢ ompromise is necessary. 
\nother factor to be considered is that the temperature 
should be sufficiently high to keep the rate of change 
It would be possible to 
105 € 


penalize the 


during testing to a minimum 
use the optimum temperature of the insulation 
for Class A). but this would 


application where the solenoid is used at a lower tem- 


necessarily 


perature From experience it appears that a temperature 
of 65 ¢ 
and it is believed that this is about the temperature at 
The use of 


this compromise temperature is recommended in order 


(149 F) will satisfy most of these requirements 
which solenoids operate in most appliances. 


to save many hours of testing time. The effect of temper- 
ature on pull at a constant voltage and frequency is 
shown in Fig. 2 for solenoids of the same design. 


Seal-pull. The term 


the pull at zero stroke or when the plunger is seated on 


‘seal-pull” is used to designate 
the frame. In Figs. 1 and 2. the pull curves are discon- 
tinued when the plunger is within about 14 in. of the 
end of the stroke. The pull increases rapidly beyond 
these points. but for all practical purposes it is not useful. 

To carry the pull curves bevond the point where addi- 
“chatter” 
therefore. 


tional load causes the solenoid to would be 


misleading. It is necessary. to indicate the 
maximum allowable pull which will give quiet operation. 
This “quiet seal-pull” can vary to some degree in any 
siven size of solenoid. The surface area. finish and _ re- 
sidual springs are some of the factors contributing to 
the quiet seal-pull value. The means of determining this 
value is to apply an increasing load until an audible 
chatter becomes evident. Due to variations between sole- 
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Instrument for obtaining solenoid pull curves. Diagram 


wiring in solenoid is at top. 


holds, it is necessary to check a reasonable quantity to 
determine the quiet seal-pull. and the value specified 
should be a 

Test Conditions. To obtain pull curves which are 
comparable, it is necessary to specify permissible toler- 


minimum. 


ances for the variables involved. These tolerances should 
of course be within the practical limits of the technique 
ind equipment. 

I. Since pull varies approximately 2 per cent per volt, 
a voltage variation of less than 1 should be maintained. 
[his requirement is not too difficult to maintain with the 
Allowance for 
the voltage drop at each measurement is to be made. 


2. Pull measurements are not to be made until after 


use of a 2.5-kva adjustable power supply. 


the initial transient current subsides. This will be done 


by holding the load momentarily at the time that the 
solenoid is energized. 
}. All measurements are to be made at 65 C (149 F) 


for all positions of the stroke. 

tL. Pull measurements are to be made with the solenoid 
in a vertical position with the weight of the plunger 
actmg against gravity. The plunger weight is to be added 
to the pull value. The plunger weight is to be given so 
that it may be used, if necessary, in determining the 
for the solenoid in the particular 


proper position 


application. 


5. The pull curve will not be extended beyond the 


limit of quiet seal-pull. 


msidered 
set stroke. I 


it will pull 


from the 


0. The pul f the solenoid wall 
load that is lifted about 


most instances. if the plunger moves 14¢ in., 


16 In. 


in completely. However, if pull decreases during the 


stroke, the plunger may stop at some interim point. The 
j selected as oiving 
of 


been average 


other 


1e7in. movement has 


pull when compared to methods determining 


the pul! characteristics. 
7. Pull measurements will be made at intervals 
in. of the stroke “dead” 
Test Procedure. established the 
dition requirements a test procedure 


using weights 


Having test con- 
above. may now 
he developed 
A. General. 

1. Mount solenoid 


that 


¢ 


place on i test sta! 
that the 


and the plunger is 


sSeCUTeLY 


similar to shown in Fig. 3. so load is 
perpendicular to the seating surface 


free to pull in when energized. 


2. Measure the resistance of the solenoid coil at room 
temperature. Deduct the resistance of the lead wires and 
calculate the coil resistance at 65 C from the formula 
R 299 R 234 +7 Add the lead resistance 


setting. 
stroke 


test voltage with the plunger held in place 


R. for Wheatstone bridge 


for the desired 


the value of 
3. Adjust 
1. Set the 
it the stroke 
B. Pull Measui 


L. With the plunger at the desired stroke. apply weight 


the plunger 


position. 


ements 


until the plunge! just begins to move when energized. 
Each time the solenoid is energized. restrain the plunge: 
momentarily to eliminate the effects of transient current. 
2. Recheck the voltage setting. Adjust the temperatur 
of the solenoid to 65 C. T 
energize the solenoid with the plunger held. 
3. Make a final adjustment of the load on the plunger 


maximum amount that the solenoid will 


To increase the temperature, 


to determine the 
lift at least 14, In. 

1. Repeat steps | 
of stroke. The voltage must be checked and adjusted fon 
each reading and the temperature must be 


without bounce. 


through (3) at ¥-in. increments 


maintained 


al 65 C€ for the final measurement. 

5. Use the same procedure to obtain curves at other 
voltages. 
C. Current Curves. 

To obtain current curves. the same control of vari- 
ables. including voltage and temperature, is necessary. 


Phe plunger is blocked at about every 14 in. of the stroke 
and the current is read quickly after the initial surge. 


Conclusions. A simple. economical technique has 


been developed for making measurements of solenoid 
pull and current. Under the specified conditions, readings 
within 


accurate to 5 per cent can be obtained. Other 


methods currently available do not give any greater ac- 


curacy. The results using this procedure coincide very 
closely with those obtained by means of a dynagraph. 
an instrument using an X-Y recorder with foree and 
stroke transducers.* 

It is very important that agreement be reached on the 
specified conditions under which the pull curves are to 
he made. Considerable misunderstanding can thereby he 
set of test 


achieved and accepted, the test procedures and techniques 


eliminated. If a uniform conditions can be 


can undoubtedly be improved upon with use 








96 














Direct-Drive Motor Designed for 


In metal-working machines. rotary spindle speed selection depends upon numer- 
ous factors, so that infinitely adjustable but reliably maintained speed would 
be essential in an “ideal” milling machine. Such a machine should also work at 
top efficiency whether cutting titanium. steel or aluminum, which would mean an 
unprecedented speed range for the drive. A direct spindle drive for a profile mill- 
ing machine, continuously and readily adjustable from 50 to 6000 rpm, has been 
achieved by a coordinated program of design of the controls and an entirely new 
water-cooled shell form of d-c motor, closely paced to the drive requirements de- 


veloped by the machine producer. 


An 
Electrical 
Manufacturing 
Staff Report 


\HEN MACHINING ALUMINUM, cutting-tool spindle speeds 
range from 3600 rpm upward, whereas when the work- 
piece material is ferrous metal or titanium, spindle speeds in 
the order of 2000 down to 50 rpm are common. Through 
out the metal-working industry the need for machines 
with all-purpose spindle speeds has become pressing, but 
particularly so in aircraft and missile parts fabrication 
because of the trend to steel and titanium to cope with 
increasing mechanical and thermal stresses encountered 
at higher air-speeds. 

The need for a profile milling machine with a spindle- 


Ihree-dimensional profile milling machine 
with Allis-Chalmers water-cooled = shell 
form of d-c motor direct spindle drive. 
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Stepless Wide Speed Range 


speed range of 50 rpm. or less. to 6000 rpm or more was 


clearly established. since airframe structural forms in 
particular make diverse use of shapes that can be pro- 
duced on such a machine. Since optimum spindle speeds 
depend not only on the material in process but also upor 
numerous other factors such as the nature of the cut and 
the tool form. it was considered mandatory that. in addi- 
tion to a wide speed range, a new milling machine spindle 
drive should also offer continuously adjustable speed 
within the range rather than steps of speed adjustment. 
and that the speed setting means be rapid. convenient and 
repeatable 

Ekstrom. Carlson & Co.. Rockford, IIL. started a de- 
velopment program aimed at the evolution of a machine- 
tool motor head to have the desired speed and control 
characteristics, as did other machine-too!] builders. Drive 
choices for such a unit centered on three basic types: 
a hydraulic motor, a combination of gears or a d-c motor. 
Initial reasoning was that the d-c motor. at least in the 
standard form, was too bulky to allow the desired com- 
pact structure and to meet reasonable space requirements. 
and that gear-reduction methods would result in excessive 


bulk and cost, and furthermore would not permit the 


higher spindle speeds desired. 
It seemed that hvdraulic motors were to be the answer. 


Fig. 1—Cross-sectional detail of new 


but as development on these progressed it became ap 
parent that they would not provide the desired chara¢ 
teristics either. Spindle torques diminished at lower 
speeds, driving heads became too bulky for general use 
and over-all cost to produce an acceptable hydraulic head 
was too high. In order to obtain low speed at high 
torque, for instance. an hydraulic head must be designed 
with pi k-off gears providing spindle speeds in a series 
of steps. One such motor design has a series of 22 pick- 
off gears. In order to change gears, the machine must be 
stopped, the gears selected and mounted, with the latter 
requiring that the operator climb the machine to spindle 
level. It was concluded that these drawbacks ruled out 
hydraulic operation of the head. 

At this stage the Allis-Chalmers Manufacturing Com- 
pany, Milwaukee, undertook a joint development study 
aimed at a compact shell-type, water-cooled d-c motor 
to have a speed range of 50 to 6000 rpm. The milling 
machine producer believed that they could produce a 
machine tool that would economically mill titanium and 
steel alloys at 50 to 300 rpm and aluminum at spindle 
speeds up to 6000 rpm, provided the speed adjustment 
was stepless within the range. Having a continuously 
controllable speed and feed range, the operator could 
set the head speed to coordinate with the feed rate to 


wide speed range water-cooled d-e motor. 








economical cultine results for the various 


obtain 
metals in process and the tvpe of work being performed. 

The motor design was to be special in all dimensions. 
It was to be water-tight. easy to dismantle and reassem 


ble. able to withstand 6000 rpm full speed. designed on 


the basis of 


water cooling in a surrounding jacket. and 
was to have oil-mist lubricated ball bearings and acces- 
sible brushes and wiring. 


The motor development and the engineering of the 
milling machine proceeded simultaneously. The machine 
was to be for heavy-duty perlormance with the rigidity 
necessary to take advantage of the new deve lopmye nts in 
cutter designs for the cutting of high tensile steels and 
titanium. An hydraulically operated tracer unit was to 
provide 360-deg machining operations plus depth. Lat- 
est machine tool design practices were to be applied 
including forced feed lubrication to the wavs and op 


erator s control centrally located: the hydraulic svstem 


was to conform to JIC standards. the electrical to NMTBA 
and NEMA requirements 
The basic design of the milling 


established it Was possible to 


machine having beet 


specily particular and 


detailed requirements for the motor. It was to be a 10 
hp d-c unit. equipped with precision ball bearings. spindle 
assembly to be dynamically and statica!ly balanced. The 
constant 


motor performance characteristic was to be 


torque from 50 to 1500 rpm, and constant 10 hp from 
1500 to 6000 rpm. Spindle speeds were to be infinitely 
variable and controllable by the operator trom the cen 
tral station. Extensive experience in successful operation 
of a-c motors indicated that the new motor should be 
water cooled. which would also offer the advantages of 
dispensing with heavy-duty fans (which tend to be a 
source of noise) and permitting smaller size for the 
motor. It was recognized that water-cooling would be a 
departure in d-c motor design. in that it necessarily meant 


t 


a shell construction which heretofore had not been at 


le mpted for a d-c motor. 





Motor-yoke assembly and brush 


ging encased in water-iacket frame f 





The New Motor. The success of the entire motor 
design project was the result of close ¢ ooperation between 
the engineers of the machine-tool producer and of th 
motor manufacturer (that is. Ekstrom., Carlson & Co. and 
the Allis-Chalmers Manufacturine Co.) from the initial 
consideration of motor specifications down to final de- 
sign details. 

The finally evolved motor is totally enclosed. vertical 
shaft. with Class B insulation and liquid cooling to keep 
bulk and weight to a minimum. Details of motor con- 
struction are shown in Fig. 1. The outer frame serves as a 
supporting structure and as the outside shell of the water 
jacket. It is cast of aluminum and contains a_ helical 
groove through which the cooling water passes. The inner 
shell of the jacket is the magnetic voke of the d-c motor. 
and consists of a rolled steel yoke into which the pre 
bolted. 
ring seals prevent water leakage past the field-pole bolts 
Welded bosses on the commutator end of the voke sup 
2. Water le akage betwee 
the field voke and the end housings is prevented by O-rit 
seals. Fig. 1. 


The rotating assembly of the motor. Fig. 3, consists 


wound field poles are Special washers with O 


port the brush structure. Fig 


of a hollow shaft. two small seals on which the oil seals 


ride and a long sleeve on which the commutator and 
is stacked, bolted t 


cether. kevseated and pressed onto the sleeve. and the: 


armature are built. The armature 
wound. The commutator is built directly on the sleeve 
in order to minimize its diameter, thereby reduci 
centrifugal force on the commutator segments and als 
lowering brush surface speed and wear. Flat spacers 
the armature act as fan blades to pull air through axial 
vents in the armature for heat removal. The field coils fit 
against the voke. permitting direct heat transfer. Becaus 
the motor performance rating includes high operatin: 
speeds. oil mist is used for bearing lubrication. The as 
sembled motor is shown in Fig. 4 

The motor insulation system is Class B or better. The 
Armatur slot 


olass-melamine-glass. slot liners glass-mica 


magnet wire coating is polyester film, 
wedges are 
class. and the field coils are wound directly on elass 
mica-glass insulated poles. 

Accessibility and ease of maintenance were importa! 
considerations in the motor design. A removable hood 
permits access to the brushes for inspection and to the 
terminal block for connections. The rotating assembly 
can be withdrawn through the lower end of the moto 
without dismantling the entire assembly. Since the arma 
ture and commutator are built on a sleeve, removal and 
replacement of the hollow spindle or of the armature is 
feasible if required, The stator with its field pole and 


Armature assem- 


of new d-c motor. 
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coil assem} in be presst 1 out of the motor housing wcelerated to any preset speed, even in tne upper 





and a new one pressed in. which. together with the ter- Static grid control of thyratrons is used in the lo 

minal block means of motor connection, further facili- speed range to obtain armature voltage regulation, whe 
tates service of the machine. The self-contained. unified is Magnetic amplifiers are used for field current contr 
desien of the motor permits its appli ation as a packags in the higher speed range. A block diagram of the 

unit for use on other machines. including those in the fie'd system is shown in Fig. 5. 

Motor Control. Milling machines and other equip- The floor-mounted. blower-ventilated control unit. [ 
ment for working in aluminum. and therefore designed 6. has an externally operated fused disconnect swit 
to operate only at relatively high speeds, have been equip nterlocked with the enclosure door. Provisions are ma 
ped with a-c motors and auxiliary power supplies in the for overload. field-loss and overvoltage protection. IR 
lorm of lrequen \ changers This svstem permits only compensation. undervoltage protection and dvnan 
rast speeds such as L800. 3600 and so on up to 14.400 braking. The new control unit also meets the standards 


rpm. Frequently none of these speeds is correct in rel of JIC. NMTBA ane 


on to the obtainable feed speeds and the cutters bei 


NEMA. 


used, and this situation is strongly adverse to cutting-too 
life. A d-c motor for the new machine design was adopte 


largely in order to permit wide speed range and continu- 
ous facile adjustment within the range. 

[he total speed range of the motor is tained 
ising armature-voltage control in the lower speed bracket 
that is. from 50 to 1500 rpm) and field control fron 
1500 to 6000 rpn In addition. adjustable-timed accelera 


lion ¢« t = provided so that the mot I ry 





Fig Motor control block diagram 








Fig. 4—Completely assembled 
50-6000 rpm d-c motor, rated 
2 


0 hp, measures 28 in. long 
nd 13% in. diam. overall. 


‘ Fig. 6—Control unit for the 
i 10 hp d-c milling-machine 
i drive motor 
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Plastics and Ceramic Foams 
for Electronic Applications 


Light weight and exceptional dielectri 
properties are the primary considerations 
for an increasing number of applications 
such as circuit embedments and micro- 


wave component parts. Ceramic foams 


are moving into the ultra high tempera- 


ture area. Properties and application 


methods are revieu ed. 


WILLIAM R. CUMING and PHILIP M 
Emerson & Cumine, Inc. 
Canton, Massachusetts 


ANDRESS 


BotH 
dictate the selection of a foam material in an electroni« 
application. As defined, a foam is a mixture of solid and 
gas. For the purpose of this discussion, we may reasonably 
and practically assume that the gas has a dielectric con- 
stant of 1.0 and that the dielectric loss is nil. The solid 
constituent of the foam will have a dielectric constant 


LIGHT WEIGHT and unique dielectric properties 


from 2.0 to 6.0. (Only plastics and ceramic materials are 
considered. Metals foams are considered later under the 
heading of artificial dielectrics). 

The dielectric constant and the dissipation factor of 


foams are intermediate between those of solids and air. 


FOAMS—Definitions and Background 


A foam may be defined as a combination of solid and 
gaseous materials of fine and uniform structure. The 
solid portion is a continuous phase; the gaseous por- 
tion may be discrete or continuous. When the gas is 
discrete, we have a closed-cell or unicellular foam. 
When the gas is continuous, the foam is an open-cell 
type. The solid material may be plastic or ceramic, 
or a combination. Plastics foams may be flexible or 
rigid. Density may range from 1 to 100 lb/eu ft. 
Foams can be made from a wide variety of basic 
materials. Almost every well-known plastics material 
has been foamed; so have glass and silica. Metallic 
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\t least two formulas for the dielectric constant of a foam 
have been suggested, These are viven in bie ] together 
with experimental data for polystyre ne foams of various 
densities, 

For all of the foams discussed in this article (except 
the artificial dielectrics) it would be approximately cor- 
of the solid con- 


stituent for the 2.54 value for polystyrene and then make 


rect to substitute the dielectric constant 


use of the curve in Fig. 1. The curve for dissipation factor 
has generally the same shape. as would be expected. As an 
approximation, the physical and electrical properties of 
foams may both be considered as straight-line functions 
of density. (Refer to Fig. 2.) 


Foam structure. however, is all-important. Data may 
frequently be derived from well-made laboratory samples 
of fine and uniform ce!l size. The same material, when 
used in the field in a foam-in-place application, may 
exhibit properties that are quite different. One of the 
important limiting factors in the use of foams in critical 
structural applications is the problem of field reproduc- 


ibility of laboratory test values. 


Microwave Applications 


Foams are widely used in microwave applications. Ow- 
ing to its low dielectric constant and low loss, a foam can 
he safely interposed as a dielectric in an electromagnetic 
energy field. Foams are used in such applications as (1) 
a support for the center conductor in coaxial cables: (2) 
windows in waveguides; and (3) as the core material in 


It has been 


proposed that ground radomes at least 30 ft in diam be 


the sandwich structure of airborne randomes 


made in the field by first spraying a foam-in-place for- 
mulation on a temporary inflated form. 


Foams are used in microwave lenses. The !ens may have 


foams, too, have been made. Properties depend to a 
degree upon those of the starting materials. They are 
also a function of the foamed structure. A coarse- 
grained foam will have poorer physical properties 
than a uniform fine-grained foam, even though the 
density and basic material are the same. 

Foams are available in many different forms: pre- 
foamed shapes, liquid foam-in-place resins, powders. 
expandable beads, casting resins, and “pack-in-place” 
foams. Flexible foams are used in large quantities for 
cushioning applications; of primary interest in elec- 
tronic applications are the rigid foams. 











T 1 I ae ey Oe ere. as eT ee ee A 


£=Dielectric constant of foam | 


constant or the logarithm of the dielectric 
constant to the bulk density 


D= Bulk density 7 ~ + 





Fig. ] left 


constants of foams. Fig. 2 (right) 






dielectric constant. 


K, and Kz =Constonts that relate the dielectric r 


Dielectric constant of polystyrene foams vs bulk density. Two equations are given for determining the dielectris 
Properties of polyurethane foams vs bulk density. 


Fig. 3--An electromagnetic energy 
lens is made up of a series of 
molded pieces of polystyrene foam. 
Each piece is of a different density 
and, therefore, has a different di- 
electric constant. The final assem- 
bly (known as a Luneberg Lens) 
is a sphere which will focus energy 
in a manner similar to that of an 
optical lens. (Source: All the foam 
materials shown in this and the 
other illustrations are produced by 
Emerson and Cuming.) 


concentric hemispherical shells of polystyrene foam. Each 
shell is of a different density and, therefore, of a different 


(See Fig. 3.) 


Foam Embedments 


Electronic circuitry is embedded, or potted, in foam to 
produce a strong lightweight structure. The circuit as- 
sembly is first placed in a mold such as a metal can. A 


foam-in-place material is then introduced. This may be a 


liquid, powder, or a 
a uniform or a variable dielectric constant. The Luneberg 


lens is an excellent example of the latter type. This lens 
is a sphere of dielectric material in which the dielectric 
constant varies from 2.0 at the center to 1.0 at the outer a problem. Metallic 
edge. It is made by molding and assembling a series of 


“‘pack-in-place” type. The cured foam 
holds all components in the proper relative positions. The 
can remains as a permanent part of the structure. Since 
foams are excellent thermal insulators, heat removal is 


inserts are usually used to provide 


paths for heat dissipation. A foam of at least 10 lb/cu 
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ft density is used to obtain the desired structural strength. 
\ minimum effect on circuit operation is observed owing 
to low dielectric constant and low dissipation factor ol 
the foam materials. 

Certain components may have to be coated or spe ially 
treated so that they will not be subjected to chemical 


attack by the foam during the period prior to cure. 


Pack-In-Place Foams 


\ pack-in-place foam Is usually supplied i! Iwo con 
ponents. (Recently a one- omponent foam has been made 
wailable.) These components are mixed to form 
material that resembles damp sand in consistency. lt 
is tamped or packed into the cavity to be filled. Witt 
slight pressure, the material will flow sufficiently so that 
electronic circuits can be embedded. The foam can | 
cured at room temperature, but elevated-temperatu 
cure is required for those formulations that have 


perior high temperature resistant characteristics, 


Artificial Dielectrics 


Artificial dielectrics based on foams are made 
distributing throughout a foam matrix a finely divided 
metallic powder. (See Table 1.) The metallic particles 
are insulated from one another. For example, an epoxy 
foam of 20 lb/eu ft has been made with a dielectric 
constant of 7.0 and a dissipation factor of 0.05. The 
overall effect is to significantly raise the dielectric co1 
stant of the foam with practically no increase in weight 
Vissipation factor remains at a low level. Aluminum 
Hake has been used with success. A variety of resins 
have also been used as the matrix. Pack-in-place tech- 
niques may be used, 

\ppli itions for artificial dielectric foams include 
lenses and radomes. Undoubtedly other microwave 
uses will be found as engineers become familiar with 
the properties and availability. 

\ special form of an artificial dielectric foam is on 


in which the metallic particles are in contact with one 


nother The effect is to raise the dielectric constant 
ilso the dissipation factor. The material thus becomes 
in electromagnetic energy absorber. (See Fig. 4.) Such 


absorbent foams are used in waveguides and to line 


antenna measurement rooms to simulate tree space. 


Types of Electronic Foams 
and Application Techniques 


The most important chemical types of foam will now 


be described, summaries of properties and areas of ap 
plications will be giver 

Polyurethane or Isocyanate. These are extremely versa- 
tile foam materials. (See Fig. 5.) They are available as 
flexible or as rigid sheets over a wide density range 
Liquid foam-in-place formulations for both flexible and 
rigid materials are obtainable. Temperature capability is 
is high as 350 | \ flexible polyurethane artificial 
dielectric foam sheet with a dielectric constant up to 
,.0 is now being made. 

Polyurethanes are the materials most frequently used 
in electronic applications. The liquid foam-in-place resit 
is supplied as a two-component material. The com- 
ponents are mixed in specified proportions and poured 
nto the mold to be filled. The foaming reaction proceeds 
ree carbon dioxide is trapped as discrete bubbles in} 
the foam mass. While still in liquid form, the foam 
fills the container and soon sets to a rigid material. A 
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Fig. 5--An isocyanate foam-in-place resin i- used to embed 


electronic circuitry in the Navy Vanguard satellite. Circuit 
modules, as seen on the table in the forefront. are embedded 
in blocks of foam and are stacked together as shown in the 
unit held by the technician just above the containing canister. 
Similar foam embedment techniques are u-ed in the Army 


Jupiter © satellite. 





rg 


hig | left Polyurethane 
foam sheet has been loaded 
with high-loss materials so that 
it will absorb energy. Flexibil- 
ity has been retained. Each 
sheet actually consists of several 
layers; dielectric constant and 
dissipation factor increase from 
the front to the back surface. 
Thi- type ol absorber is used 
in ipplications w he re compound 
contours are encountered as. for 
example. in an aircraft antenna 


nacelle 


big. ¢ right An electronic 
circuit is readily embedded in a 
foam-in-place phenolic pow- 
dered foam. The powder com- 
pletely fills the mold: on heat- 
ing, the discrete powder parti- 
cles weld together into a foam 
Powdered foams offer the ad 
vantage that they completely fill 
in intricate Cavity. Foam-in 
place liquids often will not flow 


-ufficienthly to ccomplish thi- 





















ht il OVE ike may ve require 
properties 
By selection of an appropriate 
from 2 |Ib/ecu ft to about 40 lb/cu ft can be achieves <everal tec! ques, One method consists of incorporating 
For embedment o1 pottin ft circuit! densities f i e ag t and a curing agent t the 
east 10 lb cu ft are recommended esl! The wing agent is ammonium bicarbonate 
Prope application technique s essentia The ! - i it il that mverts to a gas at elevated ter 
iniform flow of the foams through a mold prior to set vweratures é ited mixture is placed in the mold. As 
nye 1s a common source ot appli ition problems Phese the cure pl! eds. the exothermic heat liberates the gas. 
problems can generally be overcome by proper distribu We thus ha i foam-in-place liquid res 
tion of the liquid resin in the mold prior to the start of In general. t epoxy resins are not as satisfactory as 
the foaming reaction. A closed mold should be used wit the polivurethanes ] foam-in-place applis itions rE 
i small air vent provided it the high point As the foam e difheult t tr their chemical reactior Foams 
ses the air is forced out. When the cavit - tu t ised epoxies wever. are satisfactor produced 
\ ick jues. (See Table I] Some 
ese mate ils a isable to 600 | The ire hi 
hig i The high-temperature ceramik ‘rained and netely Inliorn I structure It s pos 
foam shown here is usable to 1200 F. vet < e to assig i Variety it properties t é x foams 
it is only 25 lb eu ft in density. It can be ra ; ; ob ie te 
molded to contour. It is supplied as either p 5 =a aa es dai 
4 pack-in-place material or as sheets. It is ee , eee - Wb . ? 
used for embedding. in microwave lenses loam Nas bet ised tor many vears in microwave ap- 
ind for dielectric supports ications. This material has the fortunate quality of 
. el! al = == ss and at the same ime MNysically 
strong Its s verature limit, however, is only 
LOO | Polvstvrene foam is now available as sheet stock 
a wide range ot densities and. consequentiv, in wide 
range of dielect: nstants. all with the inherent low- 
ss characteris 
Po stvrene i be foamed pla n Ide i 
shapes and as an ¢ Iment mediun Beads of poly- 
stvrene that conta i blowine agent are introduced in 
the mold and ited These beads expand, fill the mold. 
ind are welde together to produce a unitorm toam ol 
idjusted density. The be ads can be partially pre 


before being placed in the mold. This proce 





help to produce a unliorm flow. 


Silicone R silicone resins have 





place by the use of a powdered resin with a blowing 
agent and by the application of heat. The resin melts, 
the blowing agent decomposes to foam the mass, and 
the material is then cured. The reaction is difficult to 
control, particularly if large masses or embedded objects 
are involved. 

Pack-in-place silicone foams have been successfully 
used for electronic embedments. Foams usable to 800 F 
have been made with excellent electrical properties and 
densities as low as 20 lb/cu ft. However, since the foam 
is not unicellular, a protective moisture-resistant coating 
or a housing must be used. 

High-density flexible silicone foam rubber sheets are 
commercially available with temperature resistance of 
500 F. 

Phenolic. A foam-in-place low-cost phenolic resin has 
been introduced, but it is not suitable for electronic 
applications since an acid catalyst must be used. 

Another phenolic foam, however, supplied as a finely 


Table I—Typical Properties 
of a Cured Artificial Dielectric Foam* 





Property Value 
Temperature range, deg F 94 to + 500 
Density, Ib/cu ft 23 
Compressive strength, psi 2100 
Flexural strength, psi @ 70 F 1900 
Flexural strength, psi @ 400 F 1200 


Thermal conductivity, BTU /hr/sq ft/deg F /ft 0.03 





Coefficient of thermal expansion, cm/cm/deg C 12 x 10 

Water absorption (per cent gain in 24 hr at 25 C 
on 8 cu in, sample) 1.8 

Dielectric 25 30 35 40 50 60 7.0 
constant? 

Dissipation 0.013 0.016 0.018 0.019 0.023 0.027 0.03 
factor? 

Ricans iebisue Ji Aueksay Siccolassns SAEED x 


wit etallic powder 


i «k 


Table li—Typical Properties 
of a Cured Epoxy Foam 











Property Value 
Temperature range, deg F 94 to +400 
Density, Ib/cu ft 23 
Compressive strength, psi 2700 
Flexural strength, psi 2200 
Thermal conductivity, BTU /hr /sq ft/deg F /ft 0.025 
Coefficient of thermal expansion cm /cm ‘deg C 17 x 10 
Water absorption (per cent gain in 24 hr at 25 C 

on 8 cu in. sample) 1.8 
Dielectric constant 102 to 10° approx. 1.5 
Dissipation factor 10° to 10'° cps <0.01 
Source Emerson & Cuming’s F foam DPT 4 a ack 2 x 
foam. 


Table Ill—Typical Properties 
of Cured Ultra High Temperature Ceramic Foam* 











Property Value 
Bulk density, Ib/cu ft 25 
Compressive strength, psi 800 
Flexural strength, psi 1100 
Dielectric constant, 10'° cps, 25 C 1.6 
Dissipation factor, 10'° cps, 25 C 0.002 
Thermal coefficient of expansion, cm/cm ‘degC 1x10 


Maximum temperature for continuous use, deg F 1200 


Source: Emerson & Cuming’s Eccofoam LM pack-ir 
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divided, free-flowing powder has been found useful. The 
powder is poured into the mold or container, which is 
then subjected to slight vibration to fill it completely 
and evenly. Upon application of heat, the discrete parti- 
cles of powder weld together into a foam. (See Fig. 6.) 

Polyethylene. 
for extruding a high-density polyethylene foam. It is 


\ method has recently been developed 


being used successfully as a flexible insulating material 
in coaxial cable. Density is about 30 lb/cu ft; dielectric 
constant is 1.5. Dielectric loss is extremely low. 


Inorganic or Ceramic Foams 


The present increased emphasis on requirements for 
ultra high temperatures combined with light weight has 
turned the spotlight on inorganic foams. 

Manufacturers of refractories have for many years 
offered lightweight fire brick, ceramic cements and sim- 
ilar materials. But these ceramics, however, are heavy 
in comparison to the organic foams. A typical lightweight 
fire brick has a density of 70 lb/cu ft, which is generally 
too high for electronic applications. On the other hand, 
such materials are worth consideration if good strength 
is a requirement at temperatures in excess of 2000 F. 

Glass. 
some time. The material has been used mainly for thermal 
insulation; density is about 10 |b/cu ft. Electrical prop- 


Blocks of foam have been made from glass for 


erties are poor due to the incorporation of high loss 
materials in the glass formulation. 

Silica. A recent development is the foaming of silica 
in block form at a density of about 10 lb/cu ft. Electrical 
properties are good; temperature resistance is in excess 
of 2500 F. The material will undoubtedly find a variety 
of microwave uses. 

Foam. This foam is a two- 
component material, which is tamped into the cavity to 
be filled. (See Table II].) It must be heated to be cured, 
but eventually converts to a true ceramic material of 
about 25 lb/cu ft. 

10*° cps at 25 ( 


from 1.3 to 6.0; dissipation factor for the low dielectric 


Pack-in-Place Ceramic 


Dielectric constant is about 1.6 at 
and may be adjusted over the range 


constant materials is less than 0.005 over the entire fre- 
quency spectrum. The material is simple to use. When 
fully cured, it can be subjected to 1200 F continuously. 
It is not unicellular and must. therefore. be coated or be 
provided with a housing if complete moisture protection 
is required, (See Fig. 7.) 


Conclusion 


The entire field of plastics and ceramic foams is still 
Very few 


for electronic applications. 


quite new. materials have been developed 


specifically Progress, how- 
ever, has been made. Objectives for future development 
are: lower density, higher strength, low dielectric con- 
stant (except for artificial dielectrics where an adjustable 
dielectric constant is desired), low loss, better high- 
temperature properties, and unicellularity. OOC 
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Statistics 
for the 


Design Engineer 


Statistics is now playing an important part in solving design 
engineering problems, particularly in the design of ex peri- 
ments, analysis of data, quality control, operations research 
and life testing programs. These are but a few areas where 
this mathematical science is earning an increasingly important 


. 


place in the engineer’s “‘need to know.” 
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\N EXPERIMENTAI INVESTIGATION I engineering - = ! " S 
carried out in order to test some hypothesis. for example onif f ver | sts 
iat a capacitor made with dielectric material 4 will have then he made = the g \ft 
longer operating life than the same capacitor made with | f isonably s } | i 
lielectric material B. The steps taken are as follows ere | S 
hypothesis - stated that there is no difference | ius 
tween the operating life of dielectric 4 and dielectric B Furthermore. our statistical tool 1] ike] 
experiment is designed to test the hypothesis g de S | “ 
pertinent data are collected and tabulated } evel e test 
listribution of the data is postulated on the assumption that his le u uy 
the null hy pothesis is true: and (5 i test of significance =tatis i Ss e steps 
= performed. If the difference between 4 and B. measured f ibove lesig K pe en ilysis 
the experiment, is likely to occur in the distribution lata so that | i lu gical experime nts | 
f data under the null hypothesis. then we can aecept the meaningful results from then It =¢ poss 
ull hypothesis and state that there is no evidence of ve le ex sive subject of ithematica tatistics 
-ignificant difference between A and B. On the other hand. thoroughly these few pages. Further study and ling 
{ the difference between 4 and B is one that occurs only < encouraged ar s purpose references and 
rarely in the distribution under the null hypothesis ography 
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Basic Statistics for the Design Engineer 


Definition of Statistics ecause when the last position is ready to be filled we 


“ed | of the objects ~» that there remains 7 

Matistics has beet pe - SPOUSE OE cee I objects from which to fill the last position 

but ene which is particularly well expressed ts bel P is read, “the number of permutations of 
“Statistics is the science and aes on: tune git aaah ees ngs taken m at the time.” Thus. the number of diffe 
and application of the ost effective methods of col license plates which can be made with five digits 
lecting. tabulating and interpreting quantitative data each is P 10! (10 5)! 10! 5! 50.240 
in such a manner that the Ulibility of conclustons and \ combination is an arrangement of objects in which ea: 
estimates may be assessed by means OF _— maere. BS ingement is different, but in which the order is 
soning based o1 nathematiocos of probability 


portant. Thus 123 and 124 are different) combinations 


; : 25 and 132. while being different permutations. are 
Permutations and Combinations he 


ombinations. Different combinations must be 
Evaluation of the number of all possible outcomes of a we 
» «oft different sets of objyects The symbol ( ) 

event is often necessal ind is facilitated by what we ca 
combinatorial formulas These formulas are based o thre - used to denote combinations and is read the 1 
following two principles mbinations «of things taken m at the time The ue 

| lf an event 4 in occur in a total of m wavs and t ession ps 

i different event B ean occur in m wavs, then 4 or B 
i occur Inn m wavs provided 4 and & cannot occu ( ) 
simultaneously 

Z If an event 4 i occur in a total of nm wavs and it \ tiie mmmon svimbol is ¢ Dut it w t [ove ist 
i different event B can occur in m wavs, then 4 and B this article. As an example. the number of combinatio 
an occur In mm ways “Ove jects taken four at the time is 


Remember this or that tad this and that mii , io 
\s an illustration ot these two ideas. consider the draw G) Hr ( 1)! = TNONONANSAZAT CInSa2y 


ing of a card from a deck of playing cards. Let event 4 


be the drawing of an ace and event B be the drawing of Another interpretation which may be give ( \ 
i jack. Since there are four of each of these cards in a Sal aia ala rt eal rire Ben utile a , “ 
deck each event can occur in a total of four wavs. Thu- \biects into two groups with one group conta 
! t and n 1. The number of wavs in which an ace ? 
i jack can be drawn is 4 j 8. We can draw ar 
we of any of the four suits or a jack of anv of the four 
suits. In how many wavs can we draw two cards from the 
deck so that one is at awe and the other is a jack? By 
the second principle. there are 4 | 16 wavs in whicl 
this can be done We can have an ace of hearts wit Symbols Used in Text 
jack of each of the four suits. we can have the ace of 
spades with a wk of each of the tour suits ind so 0 P probability 


\ permutation is an arrangement in which the order or 


¥ 2 6s . e «<e 
sequence is important. The six possible permutations > sigma, sum of all quantities of a given set 
hia is ) 129 919 9 2 91 ; 
the digits 1, 2 and are 125, 132, 312, 213, 231, 321 “ mu, arithmetic mean of a population 
Each group is different because of the sequence of thre 
digits. How can we caleulate the number of permutations of X \ bar, arithmetic mean of a sample 
these three digits / Ans me of thre three digits can ° : . 
: sigma square, population variance 
chosen tor the first position im the yroup | ther otf the re 
maining two mav be chosen for the second position. and s sample variance 
the remaining digit ist be used in the last position. Ir = : 
sf sigma, population standard deviation 
other words. the first position ean be filled in three wav- 
the second position in two ways. and the third position s sample standard deviation 
one way. By principle 2) the filling of the first position : 
1 : : f, frequency or number of observations in the 
and the filling of the second position and the filling of the : 
. : : ith group 
third position can occur in 3 9 | 6 wavs. In this 
simple example we could write down all the permutations ‘ chi, a particular distribution 
and count them without too much trouble. However. if we , ; oe ae : 
F a particular distribution 
wanted to know the number of permutations of five digit 
we would have 5 j ; 9 | 120 t a particular distribution 
The number of permutations of nm objects mav be writter : ; 
alpha, level of significance (Fig. 9) 
1s 
ie DG >) ( + ) (1) by P,.— the number of permutations of n things taken 
2 ; 9 ) 
m at the time: P,..» n!/(n—m)! 
If we have n objects but use only m of the objects in ar 
one group, then the number of permutations is ) the number of combinations of n_ things 
taken m at the time; (") ni m!in—m)! 


oe n(n DG 4 | (r ! 1) ni m)! 
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Basic Statistics for the Design Engineer 


Univariate Distributions, 
Central Value, and Dispersion 


Previously we discussed the probabilities associated with 


an individual chance event. In statistics, it is often necessary 


to know the probabilities for a complete set of chance events 


An inventory of all the possible values that a chance event 


‘ 


could assume together with the corresponding probability of 
occurrence of each value is a probability distribution for the 
parent population. A distribution in which there is only one 
called a distribu 


interest 


chance variable, or variate, is univariate 


In the 


denotation of a 


tion type of statistics of to the engineer the 
] 


mathematical 


distribution is usually by a 
tunction. 

Discrete Distributions. \\ hat 
coins are tossed? The 
juestion is given by the netion Pia 


ys 2m: where 0 x n This function tells us 
\ 


of three heads is 


i i f 
is the probability 0 


ling Xx heads when m answer to 


fi) 
u 


probability 


we toss coms the probability 


nea) 


2 5/16. We could go on and compute 

the probabilities of 0, 1, 2, 4, 5 and 6 heads in the sam 

unner. Let us draw histogram, or bar graph, to show 

hese probabilities. It would be as in Fig. 1. Notice that only 

solated values of x, the number of heads. can occur. Fun 
tions like this are called discrete distribution functions 


Binomial Distribution. The distribution most 


The 


+ 
oO I 


discrete 


encountered in engineering statistics is the binomial 


listribution. This is the distributior the number of suc 
esses x in nm repe ated independent tr als in which the 
probability ot success it inv one trial is a onstant. p. If 
the probability ot success if inv one trial is p. the the 

robability of failure that tri s | Le te | 
The expansior ot the binomial ( D gives the 
robabilities bet oe successes 1 the I \ 
i the expansiol sthe] il t distri tio netior 

/ \ 
P(r) = (") une 6 Sy 

ror which we can con pute thre probability ot © successes It 
repeated independent trials. As an example msider the 
probability of four heads whe ten coins are tossed. The 
) 1 
probability of a head single toss is 1/2. and the 
probability of not getting a head is a 9. There are 


r 10 trials, so 


10 iO’ o 
C)) aya) pr gi (1/16) C1 64) 0 205 


arithmetic can get very laborious, but there are tables 


PC) 


Phe 


large range of 


“Tables of the 


published which ive values Oo 


and p. One of these Binomial 


\ ilue 6 Or t, XX. I 


Probability 
ot Commerce, 
The 


frequently found useful is the 


Distribution.” is published by the 
National Bureau of 
Distribution. Another 


Poisson 


Department 
Standards 

distribution 
This is 


discrete 


Poisson 


distributior 


i special form of the bDinor listribution for special cases 
when p the probability ) < ess er small , the 
1umber of trials. is quite large ind np. the average nun 
ber of successes, is a finite constant equal to m. The Poissor 
distribution is usually writter 
P(r) 

The problem of determining if the V bombs dropped or 

London during World War Il were aimed at specif 


lth. 


lig Probabilities of Xo heads when six coins are tosse 
ut were ? ling lw il be | ed 1 
1 the Poisso n distribution. Divide Londor z 
eq | areas d tabulate the he ot areas whict 
elved » , t< } ample { 537 bombs v 
té he proba iy ¢ g ert 
576 and ’ f 0.93. Ne 
it the average hitsons ag Ea ee eg ees 





he t ly ber areas 76. Table I s| 

t areas act llv recei ue nits and the 1 t ‘ ire 
hat ect to be v times if the bombs fel! 1 I 

equal to 0, 1, 2 t and The agreement is g 

Therefore s far as Londo = concerned, the be sw 
dropped randomly. The ar it which the s wert 

is larger than London 

\s another example of the use of the Poiss listril 
onsider a radio communication system that handles 6 
alls on the average during the rush hours rr? 600 

10 calls per minute. The syster in handle a maxim 


Table I—Typical Random Distribution as II]lus- 
trated by V-Bomb Hits in London Target Area 
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proba 
ter ill be overtaxed during given minute’ We are 

interested i e probabilit f there being 1 f yA 
| | I te This is expressed a 


' ‘ Y j 


Central Value and Dispersion. //i¢ Arithmetic Mear |] 


he arithmetic mean or expected value ot a ndom variate 


j | 
th uh having j ss and be g dis te | | 
loins . Fig. 2 e arithm me ; te wm a 
Ps 8 a } 
hie entr 1 or center of gravity of the distributl rit i i | 
ee re Bh pe Lil La 
a a a ve ieathhonl I scilisesMcilicellancaai iniebnenianinesiataats 
- denoted the svmb The mea otf a « pie i 
take ne poy on le ted t ol X Ss 
I poy n be late vitl 
( : J \ 
here VN is the mber of bservat s in the ' itor Fig. 2—-The arithmetic mean is located at the center of gravit 
imt i l popula ; 7 
nd \ is the th observatio The sample mea s found ir of the distributior 
the < KCeT t? \ < ‘ t = 
| 


nts vw: Kener at. chanreations ial nto each i Table II—Grouping of Data to Establish 
terval. Let X. be the value of the midpoint of the ith inter Mode and Median Values 





ss \ e ~ 
N ed ? ‘ } 
' < 
‘ | | is é 
¢ } | SS 
ré é ther ) enti S t the entral v S 
| | } dic repres é the 
Table II is 35. The es Saal 
yhyse i S hi } ¢ S equal ¢ . % 
=f t either side her t la ‘ II é j 
s he een 25 i 30 
T} J u The irla i =t eas s its 
: ispersion. If . f the Ines. of the ariate 
f it ‘ the il e will es i If t é 
widely spread about the mear the variance will he large 
i 1 f larg as 
Figure 3 shows two distributions. The first has a small = 
| } ] | } 
irlance vhile the second has a larger variance ne vari = i 
f ine tied ¢ t f | } ha 
inet 0 i popul ion nat ~ ot ill possible Values oft i | | i 
iriate s denoted v the s ibol oa The var i e < em 
me 
ple Ke f he yvopul s denoted the «< ae — = 


} 
The populatior i nee S | ned ec the « f the | | oo" i | | 
{ ' 1} ] | r ro 44 — — 
ires e a itions t all observations n the poy I | | 
om the mean ot the population divided by the r 
f hser tix e rt is 
= (XxX ) \ 
\ . aa f +} +} } ' 1 1 
' ~ f alue of the h observation 2 Fig Distributions exhibiting small and large variance: 


4 LOY 
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NV). uw is the population mean and JN is the number of each observation and multiplying or dividing 
»bservations. tion by a constant have specihe effects uy 
The sample variance is defined in a similar way. It is the mean, variance, and standard deviatior 
sum of the squares of the deviations of the sample observa Adding (or subtracting i consta t 
tions from the sample mean divided by one less than the will add (or subtract) the same constant 

umber of observations in the sample. Thus nean but will not cl ve the I é 
Multiplying (or dividing) ea: bserva 
will lt \\ or divide the rith t 
§ > (Xx i) (CN et pe 
’ ’ ‘ | } 
Res j onstal will multip 1) f t 
square of the nstant, a | t 
\ is the sample f An ¢ ilent hict standard deviation by the const 
is easier to use lor computations Is Continuous Distributions. A | 
that is not restricted to discrete 
< > 4 lue cel inte u 
ZA q D{A;)7/N 
z ‘ ibility distribution of su 
\ | Figure 4 is a ¢ 
s distributh e tu 
- ler sk v es | j = % J l | 
> lt the irate 
rad - i ‘ 
' 
1 ] Vor D 
it t aa ire og f riance I be late 
’ i portant to statistics 3 
—— h of the dat . tas 
‘ t be satistactoril represent t 
> fi A Sh X z weattbiral tant 
ee The aha , 
s l | . ( 9 (\ 
i=] : CX) dX ( \¢ \ 
\eV2r/ 
} } he ‘ - - T etr The ‘ 
é s the I ‘ bservations the ith grouy . 
nost engineer g applic itions of statistics we do not nhaper sii Fig ) he lect | I 
e data « the entire population but « dat a : it A the s exte 
sample drawn fre the population. For example, if we are re ler this curve is u tl ; 
Rice type. Instead we test a sample ‘ (YX) d) 
r 2 ipes | f sults <= | test ca be expressed | 
g g the t ! irs-to ‘ ad the e ot the tes ' 
} i i 
| f be t t lite é ected n ti \ 
| l XT ed ¢ ne \ \ \ \ : a ee 
s ft es t ) r- j =f) : \ i \ 
g } oO i ( e wil : hi co s : \ 
I ec t lif, ; ‘ - 
1 | poy 
€ 1 liys f nese es 
ike i ont t ’ 
} \/ /) \ he = ‘ e ent j 
t ré ? T ‘ 
The standard deviat 5 t mvenient property of being 
the same inits ot g ¢ lat 
Unitorm Mar O s. Some types of , 
iniform manipulations on the servat Ss mav dimuinis! 
the computational effort re ired to { the mean. variance 
ind standard deviatior | r example, if the observations are 
1003, 1005. 1001 we in subtract 1000 from each 
observation to give 3. 5, ] . Which 1s easier to sum 
square, et Also, if the observations are 0.0043. 0.0078 


0.0056. . . . we can multiply each observation by 1000 to 


simplify the decimal. Adding or subtracting constant to Fig. 4+—A continuous distribution of 


data. 


é i obse 
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observatlo! 
the arithmetik 
lard ae t 
} nat t 
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T ‘ hie 
I 
} 
f 1 
r , . 
\ 
\ 
j l} 
MANU RIN 


ee ee ae 











‘ 
ae a, 
A : 
big The normal distribution curve is symme- Fig. 6—The 
trical about the mean 
= t vt - Hy find t réa rom to A ind the 
i ir to A Then we subtr t e st 1 area 
{ the first. If the distribution cur s no the prob- 
lit ‘ciate ies between 2 oe ta hoe 


I il 
it } 0 i lect points at } l 
[he areas ler = st i | é s 
finit » the aunt )} ) Ve een t ‘ \ r 
si t such a tabula = viven in Table III. Complete 
table e usuallv found statis | text books. The table 
is entered wit eé value \ f Yi d the are 
tron to A, is read fr the area column. Suppose that 
normally distributed random variate, Fig. 6a, has a mean 

f 10 } ‘ ‘ 


ind a standard deviation of 4, and we wish to know 
| 2 and \ ©. 


distribution by forming the new vari- 


ite ) \ U r, which will be distributed as shown 
in Fig. 6b. The area under the new curve between } 

\ p)/o and } \ Ul yr is the same as the area 
under the original curve between X, and X.. We first find 
from Table Ill the area from to } 6 — 10)/4 

l by entering the table at 1 and reading the corre- 
sponding area, A 0.1587. Next find the area from —« 
to } (2 10) /4 2 by entering the table at —2 


f 0.0228 


0.1587 


ind X. is A A,= 


0.1359, the probability of X being be- 


The area between X 
0.0228 
2 and 6. 


De grees ot } reedom. 


tween 


Suppose that we have the data from 
Table IV. 


average 


in experiment as shown in These data were 


obtained by determining the atmospheric noise 


voltage over each of sixty l-min intervals. The data are 


MA 


standardized normal distribution (right 


di-tribution curve (left 


Table III—Areas Under the Sta 
Normal Curve 
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Table IV—Distribution of Atmospheric Noise 
Amplitude Observed over Sixty 1-Minute Intervals 





f 0 
85 12 
95 25 
105 11 
115 
125 
130 





taken from a normal 
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are determined by the hypothesis, the ninth 1s it itically 
determined. When the conditions of the problem impose a 
limitation on the number of cells which can be filled by 
the hypothesis we say that the conditions of the problen 
impose constraints. In this example there is one constraint 
imposed by the fact that the sum of the observations must ’ 
he 60 
If the number of independent constraints in a set of data 
is denoted bv the number of degrees of freedom, denoted 
by k, isn where n is the total number of cells. In 
other words, k is the number of cell frequencies which car 
be issigned as one chooses 
The Chi-square Distribution. This is an important con c i 
tinuous distribution closely related to the normal distribu 
tion. The chi-square y? as it is often written, distributior 
s that of the sun squares of independent standard 
normal deviates. A standard normal deviate is the difference 
yetween a normal variate and its expected value, this differ- 
nce being standardized dividing a the standard devia big F-di-tribution eur sith various valu ot deg { 
If X X X \ re values of a normally dis- freedom, v, and t 
it¢ ‘ l¢ «7 ré < 
r 5 
’ 2 CX ) | 
f=] L t il area under each curve Is il t 
u Therefore, the area between ordinate t | 
I general equatior the distribution also involves ; ee Le} 1 
: . il \ I obtaining i x \ it wi Will i De et 
r mber o degrees of treedon associated wit! \ the values of the base line tersectior at the i ban 
; (k/2)—1 2 Similarly, the area to the left of point on the base li 
(y*) —- —— (x? é where x n s the pr »babilitv of obtaini les than the ilue a 
AB/Z)— 2}! 2 the poi the area to the right being the proba if 
For this reason there is no single y2 distribution, but on¢ alue greater than the value the point. Tables of the 
for each value of k. Figure 7 shows some of these chi-square ireas under the x°* distributions lable. Some useful 
distributions obtained by substituting various values of applications of the yx? distribution will be explain later 
i into the general equation for the distribution. The The F-dist ution A continuous distribution of impor 
tance in tests to be described later is the ratio / 
The variances s* and s? are independent estimates of the 
variances 0? and oa? of two normal populations. These est 
mates are based on v, and degrees of freedom, respe 
tively. The F-distribution is defined in terms of the number 
of degrees of freedom, so different curves arise. Figure 8 
shows the F-distribution for some values of ind 
| Tables are available of the values of F whict it off var 
ous percentages of the areas in the right-hand tail of the 
distributions. These tables must be entered according to the 
degrees of treedom, v, and 
The t-distribution. \f two variables LU and J} are indepe 
ently distributed, [ being normall distributed with zeré 
mean and variance of unity, and V distributed with 
degrees of freedom, then the variable 
. / 
/ I 
fi has a distribution which is known as the ¢-distribution and 
E which depends only on v, the number of degrees of freedom 





\s becomes large the distribution of t approaches the 
normal distribution. When is very small the distributior 
eee is symmetric about ¢ 0 but is not as peaked as the normal 
x* distribution 

It can be shown that the mean X of samples of size 7 
from a normal distribution are normally distributed with 
mean sz and variance s on. Let the standard normal 

X—u 
deviate be equal to U. It can also be shown. that 

Fig Chi-square distributions for degrees of freedom (k vr 
equal to 2, 4 and 10, (n l)s*/o® has the y? distribution with (n ] de- 
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e hypothesis ts led tl signif é LL Ww efe e x- d.f. distri and f 
i ‘ signi 1 ‘ ¢ ted <} i re ce } t ¢ < ; A ne 
fore the experiment is i é evel ) 0.025 ).975 157 75. res 
- : ] tt experimente lf < ¢ ‘ tive The r € « thus f 0.457 § 6 
2 ect a true | pothesis she j } ee c 1] 75 | e \ 1€ f « Of 5 hi < with 
If it is important that a hypothesis be rejected when ther the critical re =. We therefore find no reason to reject 
es Test that the Variances of Two Normal Popula- 


| + +} 


tions are Equal. The hypothesis is 
We ( OOs<« \ aor <a pie of \ Is draw! trom the tirst 


pop th sa pie ot \ S } ‘ iro 1 
=f j s i ees s il i 
uted. 7 se s nees have \ ind \ 
PEO ’ spective } s compute 
If the sheer t S f sda ples trom | pe 
lations nad esis a. 2 f the sal I listri 





reiect the net ais } < s than the F-table value f 
2 1 \ \ i f rees of tre do T I < 
; greater than the F-ta value for | 2) and \ 
Test that ie. Population Mean is Equal to a 
Specific Constant. The hypothesis is that p up. We 
choose a. A random sample of V is drawn from the pop 
big. 9—Signifieance level defined by an example lation and the sample mean Y and sample standard devia 
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/N 


If the population has a normal distribution and if the hy 
pothesis is true, the statistic ¢, has the ¢t-distribution with 
\ 1 degrees of freedom. We divide the critical regio 


between the two tails and reject the hypothesis if is less 


than the ft-table value for 2 and \ | degrees of tree 
dom or if t, is greater than the f-table value for | (a/2 


ind \ 


Test that Two Populations Have the Same Mean. 
If it is known that the variances of two populations are 


l de grees ol freedom 


qual, but the value of this variance is not known, the hy- 
pothesis that the populations have the same mean can be 
tested The hypothesis to be tested is that p i We 
choose a. A random sample is drawn from each of the popu 
lations and the sample means X, and X. are 


computed 


The statistic 


suted where NV ind \ ire the number of observa 
tions in the samples and s-° 1s the pooled estimate « 


iance of the populations found fro 


4 
_ 
- 


sum of squares in the first sample 


\ 

am sum of squares in the second sample 
\ 
\ 


= sum of observations in the first sample 
2 sum of observations in the second sample 
th populations are rmally distributed and e the 
i t ean ind he sda t Val nee he statisti has the 
listribution with \ \ 2 degrees treedon The 
ritical region is t, less than ¢ at the a/2 significance leve 
th \ \ 2 degrees ot treede ) greater than 
it the | 2 significance level with \ \ z 
legrees of freedom. If ¢, lies within either of these critical 
regions we reject the hypothesis 
Goodness of Fit Test. The goodness of fit test is used 
to compare some sample distribution with a theoretical fre- 


Although 


tribution can be used. we will illustr ite the 


juency distribution iny theoretical frequency dis 
method with the 
normal distribution. When other distributions are used, the 


number of degrees of freedom may be different 


We have 


pute the mean XA and the sar 


a sample of \ observations tor which we com 


iple variance s*. The first two 
columns of Table V show the observed data. We wish to test 


it the 5 per cent level the hypothesis that the sample dis- 


tribution is normal. We compute the standardized normal 
deviates at the end points of the data intervals. These are 
shown in the third column. By using a table of the area 


under the normal curve, as explained earlier. we find the 


frequency for each interval if the hy pothesis is true [hese 
intervals must be chosen so that the theoretical frequencies 


ire 5 or more. Each theoretical frequency is the area under 
the normal curve in the interval. The statistic (/ } I 
1s computed where f is the observed trequency the ith 


Table V—Example of a Test for Goodness of Fit 


M t 
Obs ‘ ‘ x 
frequ 
t I 
a i a F 
é 
1 ss than 8 f 
8 12 0 42 80 —90 1 ) 
) 2 2 ) 10 19 
1 1 100-—11¢ 13.9 t 
l thar t 
i ta ft 4 4 


¥ =95 ( g " 
ter La in be how t t t } } s distribut 
s The number of degrees of freedo y> 3s 
general the total 1 nber intervals less the t < 
ndepre lent restraints impo-ed on the obser tions 
g the | his example e estimated the 
standard deviati i st tw legrees oft eed 
st a er one in torming the theoretical frequ os, We 
ept e hypothesis if the ' ited is less th 
it the signil i e leve with the ipproy 
sum be legrees of freed e reject the | the 
the puted value large than the t t t | 
puted in tl eXample s 2.44 i ne ¢ 
legrees treedo is t f f 
pe ent level and two degrees free : rw 
t i ept the | pothesis 


Experimental Design and 
Analysis of Variance 


Analysis of variance is technique wt t 

a | -Izgnificant diffe Y e- iong two or 
It can e shown that if the eans of groups ¢ lat t 
yy iti different the irianee t the « bined gr ps - 

ich larger than the variances of the separate groups [his 
= the basis tor the analvsis of iriancee techniaq it [he v 
itilitvy of the analvsis of variance lies in the fairly eas 


in which several factors which influence the experiment 


studied simultaneously. We could inves 


tigate the differences between 


suutcome can be 
several means by a f-test « 
each combination of pairs of means, but this would requ 


More 


ince of the overall comparison 


that quite a large number of t-values be computed 
important, the level of signifi 
will be much larger than the level of significance used for 
testing each pair of means. This increases the probabilit 
of rejecting a true hypothesis 
loo often in engineering tests o1 experiments an atte! 

is made to hold all variables constant except the one being 
studied 


This has two great disadvantages. First, when sey 


eral variables are involved. a large number of tests must 


be made: each test must be carried out to allow a single 


variable to change while holding the other variables at some 


constant value. This is usually both time consuming and 
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where t 


li is 5 or more, the 
proximated by the x 
freedom. We find the 
freedom at the 


If the 


value of 
chosen 
value 
reject the 
compute ¢ The 
if the value of B 


_ 
value of y*. it will not 


ec ssar\y to 
in | 


than table 


Thus 


Completely Randomized Design. [he dat 


Table VI will be 


mpletely randomized 


used as 


lomized experimental 


aesigr we 


uence in 


i g ! 
d so on. Instead, we would. w 
iom numbers or pe! ps b 
per with identifving numbers 

st sequence We gnt 
i | | I | 2. 4 I i fie 


oves time effects such as drifts 
= e and effects of roe temne 

The total variation ill tre 
wether) is made up of two part 
fhin treatments This subdivision 
in be presented in tabular form 


table. This is done in 


irlance 


ells of the table are computed a 


>" corrected total sur 


n ot 
SEY. -T/=) 
j a i= 
here 7 number of replications in the 
\ corrected sum of squares 
SG ) / Sr 
ih corrected su I square 


T able 
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distribution 


distribution 
significance 
of B is greater than 
hypothesis of equal variances 


value 


whe n 


an example 


design. Uns 


which the readings are 


Table 


“yuan 


to com 


introduce 


where 


itments 


VII—Analysis of Variance for 


not 


i 


( omplete ly 


the Design Engineer 


( total of the observations 


Lhe ipove 


in the ttt 


s 


ZY; 


T esting 


the Null 


Hvypothe Sis 


Next We 


will consider 


con putational formulas are general in that é 
hold even with unequal numbers of replications in each 
treatment. If the number of replications in each treatment 
is equal, we may use the following simpler forms 

s s x } / , 
yhere 
imber of treatment 
number of replicati 
{ ( ISG ) I 
I} ' . tat 
The er computa Ss re é e ge 
i The denotes the ‘ 
treatment 
4 
i Vean S | S ! ‘ 
Xe ted value it the meat “(J ir¢ nese e@YX ‘ f 
re portant be iuse the the basis to te o the ] 
pothesis. Recall that the analvsis of riance odels 
he ¢ the true effect of the ith treatment the true effe 
et the 7 meter nd the « = the riat ot € 
iu i tt il i i i i i i 
observation not attributable t the treatment The has 
nean ot zero and a variance ot L he proof is too detaile 
»p esent here but it can he show! il oF i that the 
expected value of the within sum of squares i- S (7 
| n this it Is evident that if we divide the thin su 
t squares bv > r ] we Dptai il piased est tor 
Note that = (n > the n ye] legrees of 
reedo issociated with the cithin sum f <q rec ere 
ore. the mean square for thin is the estimator for oa 
In a similar manner the expected value of the among 
sum of squares can be found. It necessal it this p 
0 msider each of the models separate! erme ¢ gt 1 
Model I requires that bye fixed consta ~ tl > 
0 and Model li requires that « S I io ' le ith 
7ero mean and Variance if Model | - appropr f thie 
expects i mean square or mong is a a’ 
or if Model IT is appropriate. the expected nm square 
oC T where 
. s , $ 
r—] 
If there is an equal number of replications n each treat 
ment. then n n [he estimator of the among expected 
mean square is the among mean square as before. 


the 











ve 


pothes In the plet { zu ' F 
e-ig hypothesis that ) difference exists between ling Mi - 
' tr 1 be stated in ¢« t mathen ica ter S iled ‘ \ > 
I Mod tement wo e that a 0 that } - g 
y f ir £ | g 
an l { ré é f j er I epl i 
tions in eacl tment. 3 a 0. For Model II the state I P : g ss rie 
| 
é g | VEw a 
I 1 0. Either of ese statements specifies . "> ces ¢ S I 
es petween the true t I effe Ss or fT tic I f ts a rt 5 
t f ZeTO j | < hod as s: We decid 
N hat we ti the tio of expected me square tor ke e tec leve The s ‘ es 
if g trea ts to the expected mean square r withu r é ted 
| 1 
t ‘ . ‘ tor Mode 
(A (45) j (4 1 +1) . 
} 
1 
: s ( 
> vie : i 
or for Model I ay ill hypothesis be . i 
I - ( { f 
: : < Mitel : f )( Mode oe } 2 (4) (3 
I 
1] sale eiic — | pothesis B 
tr t We } 2.30259 /¢ | 7 blog 6.2 
he S sa ; 7 - 
S ' : ag ; y 2.4 W 
‘ f 


tA 


10 
‘ f t 
f 
* | + — 
if I 
‘ } P« ‘ ¢ { ~ 
14 
firct ( +4 2 
I ; 
: (4 (786) 
If t 1 F-, : < x 7 
} | ‘ the nothes < true { ; (166 
é e 16 the I hypothesis tr e othe 1 (7 2¢ 5 
the il ted F lue ery like to « ir whe the var - 
! 4 164.2 
} hesis is true. the we have eas te ¢ the nu 4 
leg S 
pothe \ het é s the significa e | ( e test WW j r { { { f 
< for <« e. that moputed ig } 4 Fotal se - 
=Is e 1s wit! 5 ar S 
é " ina Mean square f 
Ve é | < Oo.0 t é t 
: D t € l¢ ‘ f Mea ruare { ( f 
0.0 and 18 is 2.77. S f ( te 
} < cer th the table F-. } t } hecic I : S s i 
' 
rejected e should sa tha here is S t Vill 
1 
f f elwe the treatments. If the f live } I : s I ‘ , i 3 
1 he ?.02. which is less he table F ‘ ‘ f rd 9.6 F in the ‘ 
; } f eec 0.0] s 5 ) Ss - 
’ ‘ =OT t ‘ Whe. 7? ~ . _ 
ve should sav that there was no evidence A coal 78 is re », the } 
diffe f treatments dicated bv the xe ent dat - 
A< é ed earlie the computed value of F st} ld t 
e less ft l. althoug in practice it is sometimes sr aller 
Even though tl number is less than the table / live ‘ 
ea a i] s accept the null hypothesis. If the 
puted | » small that 1/F vt follows the F-distril 


tion with 1 ind degrees of freedom (F has ind e ; ; ; 
I b] eo Table VIII—Analysis of Variance for the 
treedon 1s larger than the table ] } value. ther : 


1estion some of the assumptions concerning the Voltmeter Experiment 
model chosen to describe the data. More than likely some 





i | . ; § ‘ v7 
thing was wrong in the way the experiment was conducted Sou f variatior ” pan nase ef 
Estin ation of Components ot Variance The terms o ind Ar 4 
: 2 ) 
n the expressions tor the expected meat square ir¥ W 


illed components of variance. We have said before that Tota 


the mean square tf 


vr within is an unbiased estimator of o 
We can write oa lo no oss Thus an 


unbiased estimator of o° can be found by subtracting the 
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the null hypothesis and state that the data show no reaso with are zero. Thus, l 0 
to believe that the voltmeters are alike. The probability ot Now compute 
thus rejecting the null hypothesis vhen we should have ac 
os — — 7 (1)(44.2) + (—1)(40.2) + (0)(39.6) + (0)033.2) = 4.0 
cepted it is 0.0] es 
Having satisfied ourselves that the voltmeters are not alike, : ~ (1) (~—1) (0) (0) , of 


{ 


we can find the amount of expected variation. The unbiased 


estimate of the within variance. o is the mean square for 
within treatments. Thus s 9.60, and s 3.1 volts \ (15.87) (3.84) 60 94 
This is the amount of error in the experimental data whic! ig 7.8 
cannot be attributed to differences among voltmeters. Otten _ 
: ; 5 se 40<7.8. there is no real differe etwer 
this is called the experimental error. We are only concerned pec au - oO, I ‘ I ) 
e 1 voltn ter 0 and voitmet , ) 
with inferences applicable to the four meters tested, so ee , al sean sella eel 
17 Now let s trv a comparison of voltmeter! t 
Model I applies. Under Model I the unbiased estimate of 7 ; ak 
Y neter 4 he \ jues tor the ~ r | ‘) i) 
the sum of the squares of the true treatment effects a is sh - a ; 
sit » 
> a (103.53 9 60) (3/5) <6, 2 L. We compute I 14.2 i é 
i t)} 
] i j id 
If Model II is appropriate the inbiased estimate of o% is Mente whee se alias sila ia a alla \ 
Si 103.53 9.60) 5 18.79; or, if we wish, s = 9 ‘ 1 diff 
14 11.0 7.8. theretore there is a real ditlerence between volt 
volts . ‘ 
eter 1 and voltmeter 4, with voltmeter having the larger 
Linear Contrasts The engineer mav not be satished just j 
readings 
to know that all treatments are not equal. He may want to 
: , : ; The other pairs of voltmeters can be contrasted in this 
know if some treatments are alike and which is the “best , 
manner. If this is done we will find no real difference be 


Perhaps the simplest way to find out about these differences , 


ween the other pairs 


is to use a method proposed by Scheffe that of linear cor ° . 
' . a Randomized Complete Block Design. Our discus 
trasts (4). This method is applicable if the analvsis of vari ' 
: . ; sion of the analvsis of vaiiance has so tar considered o 
ince has shown that the computed F is larger than the table \ = 
the circumstance In which the experimental observations 


F-value with v, and v. degrees of freedom at the a signifi 
were classitf 





ed according to only one criterion. Many times 


in engineering testing or research, data will have to be classi 


Let anv comparison among the true treatment effects be : 
ete fied according to several criteria. The randomized complete 
lenoted bv #6 Sc.a. under the condition that 0 
block design is appropriate when the observations are class 
The san ple estimate ot @ 1s Dy, ) . where } is the fed ae ding te two different riteria blocks 1 ty . 
mean for the th treatment Also denote the variance of ments. The word “treatments” is used in the same sense 9 
. ! thre my letel ndomized desig! What S é t 
; > locks” can best be explained by an examy \ 
t er ot radio tubes uses t st tro to suppliers i 
tt - pie estimate ot ea id IE a ote : } 
6 ikes a particular spiral-wound hiament three erent 
E ( nx) E (ce sicBlinen Tin wiliieg ta Dear of dtlMonenne in 4 ese 
or, if each treatment has the s ey ber , ‘ é iusing the spiral to have diflere tse f S 
past experience he knows there tlere es 
s th tu “Len obtained ire I 1 il et Li 
Wishes remove the ettect due to diftere es ‘ erial 
Frey she « . t his oe da meider ¢ 
re 1 tt = the ‘ a re { ' j treatments. We xperiment | il fone ing é 
r sour S v iter! S r blocks hre <amples of 
so define quantit i ¢ ‘ t ila | t ple t 
iw iteria re taken at! do re each block 1 the 
\ ( lL) / 
hree machines are assigned anaes to the samples with 
where is the number of treatments. The quantit \ is c% each block. Notice that the imber of experimental ts in 
puted and : ; 
. each block is alwa equal to the imber of treatments 
Ls a \ then ft Iparisor is not significantly diffe : 
being studied 
ent Irom zero The Model. In the randomized complete block design the 
F _ a : nel Shanes 
if ‘ then the comparison 4 ts significantly different total variation among the experimental data, as measured 
from zero and 1S positive by the total sum of squares, is subdivided into three parts 
lf \ then the comparison 4 is significantly different the variation among blocks, the variation among treatments 
from zero and is negative ind the variation due to experimental error. We can then 
represent an observation by the mathematical model 
lo illustrate the method of linear contrast we will return } rv a ¢ 


to the analysis It Vé nee ot tl \ t dat he t t 1 : ' r ' ' 
h inalysis o irian ot the oltmeter ita. The treat where 6, represents the eflect of the ith block expressed as a 
rie t mei S 
pe deviation from the mean pp, and a; represents the effect of 


>} C the jth treatment expressed also as a deviation from the 
' ; ; mean. The e,; represents the effect due to the experimental 

error 
trom the table (VI) are: } M2.) W).2, } 9.6 If we wish to make inferences which apply only to the 
) 33.2. We will contrast any two treatments, sav volt treatments from which data ~were used in the analysis, we 
meter 1 and voltmeter 2. First assign values to the c.’s so have the Model I situation, the assumptions for which are: 
that S< 0 and the comparisons that we are not concerned (1) The observations Y.; are random variables distributed 
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Table IX—Design of Experiment for Complete]; 
idditive and can be represented as Randomized Blocks 
ere w is the overall mea 





Table X—Analysis of 


of Variance, Randomized 
Complete Block 


3lock Design (Table IX ) 





Table XI—Test 


a 
‘ seguence tor 


Randomized Complete 


Block Design 


es tha e F-y for tes S a | 
s ith vs the I sig g es sot f 
i l de . I 
t be made bec se the blocks are tor < his is manv random seque es that « 
is in no way randon e used e XII shows the resulting production f 
illustrative example, an equipment manu ! 
to test three different prototvpes of his he 1 ypothesis t e tested 1s that the s 
ne to determine if their production ca fere pt { 
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tested. We decide to test at the 5 per cent significance level 
The 


alculations are as follows 





1 53 56 + 45 a4 90 HoO2 iam, . ° ° 
: Se 17457 = 157 Table XIII—Analysis of Variance 
) > 4 > rs ) / 
Be ae EE EM 5. (GR ae 369 of the Data of Table XII 
B, 15 17 a4 146 
; 19 +. 53 58 160 Sour f variation Ef Sum of squares Mean squa 
T «4 53 56 15 + 49 20 Operators 90.00 00 
’ - - - -9 - Machines 2 175.1 8S 
)-+ > ¥ > 
r; ti n < 19% Experimental err ¢ 6.50 6.08 
1 57 + 63 +54 +58 = 232 
Tota 11 1 ¢ 
2 y (53) (56) (58) (632)? (3)(4) 
33.596 33,285.33 301.67 
BB eo ie : 
B,, } (157) (169) (146) (160) ae $3,285.33 
= YO U0 
7 4} (203) (197) (232) 1: $3,285.33 = 175.17 to each machine for one period. In doing this we have 
rF (L ay introduced a third factor into the experiment to the extent 
Evyy 01.67 90.00 19.17 6 50) that the men may be less efficient toward the end of the 
day due to fatigue or impatience to go home. It is impos 
These caleulations are summarized in Table XIII. The 1 
: ; sible to obtain data on all combinations of all levels because 


value of F computed by dividing the machine mean square 


F ian a 14.57 ill men cannot work on machine A during the first time 
by the error mean square is Ff 88.59 / 6.08 »{ and 
2 F F period. To overcome this difhculty we use the Latin square 


I s two and s deg s of freedom he cor aS 1ding value : 
i ( iX degree I ] I é rre ponding ilue design as shown in Table XT\ Three operators are desig 


from the F-table at the 5 per cent level is 5.14. Since 14.57 6) ” | 
. ; ited as “columns and three time periods are designate 
s greater than 5.14, we reject the null hypothesis that the 


machines are alike in production potential. 
The Latin Square Design. [he Latin square is a de- 


sign which is often useful in industrial « xperimentation when 


it is impossible to perform extensive experiments so that 
observations can be obtained for all combinations of all 
levels of the tre itments For example reter igain to the 
‘ npl gain t ! as : ‘ : 
3 eee Table XIV—A Latin Square Design 
problem of testing the three machines just considered. In 
the former experiment, each man operated a machine for 


ne full day. Now we must complete the experiment in one ree 
It is decided that each man must work on a machine ws 
it least two hours in order to get a satistactory measure ! B 
yf his production on that r hine. If the three machines are ; 
' } } : . 
De tested i i single dav ther the WOrk day can De 
: F 
led o three two-} r periods wit each mal ssigned 


Table XV—Analysis of Variance for m x m Latin Square (Table XIV ) 





Expected me 








as “rows We then assi 


ellis ot the table in such a wav that each machine 1s used 


gn, at randor the machines to the 


once in a Tow or column We ire investigating three 


treatments: machines, operators and time periods. A 3 x 3 
juare or 9 experimental units are required. If m treatments 
re investigated there must be n experimental units ir 


X m square 
The Mode [he observations are represented 


I 
! 
k | 
The f ind ire the true efiects associated with the 
t the jth column, and the Ath treatment respectivel 
The ¢ re the une xplained var ions or the experimenta 
erro! Mode he nd re constants and 
‘ n f 4 i i ana 
s y x 0 
he ¢ re ormally and independentiv distributed with 
il zZere ind Ommor Variance The F S pla € i il 
parentheses to signifv that it Is not iz lependent of and 
For Model II the ,; and tr: are ormally and independ- 
tly distributed with mean zero and variances 2 and 
respectively ind are independent of « 
} rhe itior ¢ nalvsis of variance table f the 
] ( l I inalysi iria ib] 
Latin square design is shown in Table XV. The calculations 
t the s - of squares f <s follows 
! grand total all ODSe iti z.2 3 
R total of all observations in itl “ 
( total of all observations in the jth colur 
] total of all obs ations a ited with the Ath treat 
total f squa =z} | 
i jua ( ZR ) ] 
| { squar ( z ) l 
treat t 1 i » Ae ) / 
/ eri tal ror s f square > } ( 
ry 
Pos ' , 1] 
] ng the Null Hypothes The null hypothesis that 
there are no treatment differences is stated in ex mathe 


itical terms for Model I as 


and for Model II as oc? 0. The expected mean squares ir 


ju 


Table XV indicate the ratio to be formed to test the hy 


pothesis If we divide the treatment-e xpected mean square bv 


the error-expected mean square and if the null hypothesis is 


true for Model I. the term [m/(m — 1)] 3 72. is zero and 


he quotient is equal to 1. The same is true for Model II. 


since the term mo; in the numerator will be zero if the 

ll hypothesis is true. The value of F for testing the 
null hypothesis in the Latin square design is therefore 
F treatments mean squaré experimental error mean 
square This is because the mean squares are estimates of 
the expected mean squares. This calculated F has (n ] 
ind (m m 2) degrees of freedom 


Exan ple Let us return to the example ot the test for 


determining if the three machines have different production 


Capea ee. 





Table XVI—Data from Latin Square Machine 


Experiment 





to the 1 S 
experime re s 
that we wish to t 
? ¢ I i t 
| 
' he 5 
R,=41+2 
R 1) 
Pp 
/ ae ~ 
( 1} / 
2 (41) 


ed acc 

the + 
j cs ft 
esente t 
ent the factaore 
ni i 


; t there < 0 + 
I lat 
4 i ons 
( 5 
= / . 
} i j 
} 
$1 
- ~ t y 
—% -- {99 
69 ( 199 
G4 7 . ) 7 
; > 
f 4 55 ‘ 
1 \TT t 
XVII 
< rs n the 
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ire the effects of two lactors, dad and 
levels. Three different sets of data are iven to illust 
what is meant by interaction. In Example I, a,b, yields 
inits. but when factor a is changed trom level 
1, in the presence of level of factor b, the eld 
Also, when tactor a is ch ged trot level a, t evel 
the presence ol level / of factor bh, the vield increase 
) nits lr this case there 1s ne nteractior between tar 
| b. Example II is different. The change in the 
; fe wets i to l pre e of level ot 
increases the yield by 5 s before. Howe 
h pr ] ) to ti resence evel 
i I ses é i ts. Th t 
reel and s 7 >. In Example III, t I 
the leve rf { t t prese © « 
hig. 10—I}lustration of interaction of factors ind b applied eS | . 7 ate 
it two levels 7 - i 
ro , he prese ‘ | ' 
saiiaden ‘ten tell Dee @ wlan Ws 
t la j < 
The M The 1 f tical id t 
minutes ty pe en is wo i ymmplete block desig volving two f ! 
perature so] n. The tors would be allowed 
in the expe el Pe ps the would be t ) 
gths of f hree pes of s A 
ind three tempt es | t t Dhese in effect 
ies of the factors are called levels. The treatments feet of the ith block 
( rious con ions of the levels of the factors feet of t th | f fact 
different levels m.c.t.. This ex ffect of the kth Pikes 
ent would |} referred to statistical g S flect of th teract 1 
yor a 3° { a t! th leve { fact 
\ rial is t an experiment design but is the w efi ae et ke : tht 
whe the treatments are tormed | rticle will he 
} lode ss ‘ 
} to. =. discms clus aabiiok 4 Model I 
f omple block « g Howe fact 
= t I trea t be T t ~ - 
eri ta j g 
The f I i gs oy if 1 
I { | S I f Mo | 
he ; res S ce | rma 


Table XVIII—Analysis of Variance for Two-Factor Factorial Randomized Complete Block Desig: 


4 
B : B 
\B AB AB a I 
E t f t 1)(ab—1 
Tota I 
122 
<< 








2 block ‘ : eve ' | ] 
7 ( r [he analvs ble fe R the ils | he A ‘ é 
factor fac rial in a | zed plete block desig | e data { x 7 y 
shown in Table AVILL. The lculat : lata. A check f = RK =A 
I 1] | t Zé | 
= es are as i ws ¢ l | 
l grand total of all observation - 
R total of all observations in the ith block , ) 9 4 j 
ls total of all observations associated with the jth leve 2964 60 2847 ; 
ot tactor a and the kth level of factor 6 R (81.3 , " 2)\(4) 9847 
j total f all Dser yt10NS a erated witt the th ‘ (2 a ' 47 
level of factor a a 6 : mee 
} 1 j z ‘ f f 
5 total of all observatior awsociated with t it se : 
level of factor b { (119.9) 14 ) (3)(4) 2847.08 
Bs ( 2 4 wm 3 9 
é 5.232 l hs 64.7 / 2 B 63.2 
; b fence (63.2) (3)(2) 2847 
f ii 55 { » 0? 26 7 
/ v ai i 
\\ =t the S ther S Liffey, 
. ¢ r-sex t i I iH) 
(= 27 ) m/e 2.24 which has 1 degrees of freedom. The 
ling F-table é S per ¢ eve 
/ y } [ fore ve ad t reject the hypothesis 294 
1 sav that a signin t raction is I Indl 
\ ( ZA ) rt ! The hvpothesis t ere is no difference between 
¢ pes is tested I I 5.01, 3.98 0.76 whik 








if) 1 bs ciore we i ept the hypothesis. We 
I 7 2 which has 14 and 3 degrees 
l ng the Null Hypotl I he ¢ ) do The rresponding F-t lue at the 5 per 
g the rue Hects he le s I r ¢ which, state 2 0.1] v¢ é at our i ilated I S 
mathe iticall La 0. The i lated ratio fT 4 t to find nt j 

ae ted ins < eeuiant 1) / (mean se 

nta rror wit! | and 
’ lifferences among the t e efte ~ of the levels of tact 
hat > 0 The F-ratio for testing this hypothesis is 





} j 3 ‘ | | Re) al oe ; ss 
t : and A) ao legr Table XIX—Production of Four Types 





“i or 
edom. The third hypothesis of interest is that there is Machines with Male and Female Operators 
teractior elwee factor= a and i" az U 
he test is. F ean square for AB mean square f a 
rperimenta ; vith | 0 i ind l 1 
legrees of freedom. An exan ition the expected as : : A 
ean squares shown in Table NVIIL will reveal w these 
ilues of F are calculated by these particular mean square ms : ) 
itios 8 2 2 29 
Example Suppose that we have four designs of equi} 
ment that are to be operated by male or female operators I 2 2 8 s 
We wish to find out if there is a significant difference be ; 12 ae zs 
P tween the production capabilities of the machines and if . é 
there is a significant difference in the production by male , 
ind female operators, We suspect that there mav he some 
interaction between machine design and sex of operators 
5 Previous experience has indicated a trend in productior 
iwcording to the time of dav. Production is greatest during 
the morning and progressively less during mid-day and 
ifternoon periods : ‘ : . 
We decide to use a randomized complete block design Table XX—Analysis of Variance Table for 
with two factors Factor ais sex with two levels. male and Factorial Example (Table XIX ) 
temale. Factor 6 is machine design with four levels. For 
blocks we have the morning. mid-dav and afternoon times Source of variatior f Sum of squares Mean squares 
of day. Tests for significance will be made at the 5 per cent Kicue of ces , 6 61 
level. Male or female operators are randomly assigned to cee ies tie 2 aa a 
machines for morning, mid-day and afternoon operation so Sex X machine type (AB 26 70 8 90 
that each machine type is operated in every time period by —_ ex ett cto = 
both sexes. The production figures from the experiment are rota 
shown in Table XIX which also serves as a work sheet for 
some of the computations necessary for the analvsis of 
MAY 19 123 
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more than 5 per cent of the time We accept the hypothesis 
und state that a significant difference between machine 


I a ai a a Table XXI—Analysis of Variance for a Nested 
The hypothesis that there is o difference between pre Design 


duction by male or female operators is tested by fF 





19.44 3.98 1.88 which has 1 and 14 degrees of freedon Source of Degree f Sum of Mcan 
The corresponding F-table value at the 5 per cent level is aniation freedom squares squar Ex; an squa 
4.60. Since 4.88 1.60 we reject the hypothesis and sav tha A 2—} 4 A } 
. B 4 t 1 B E ait 
there is a significant difference in production by male ( B 7 ( ( * 
female operators Din ( ab D Dy, at 
The Nested Design. An experimental design that i- Tota I 
iseful in the evaluation of complex systems is the nested, o 
repeated subsampling. design. The population is divide: 
into tiers {: B within 4: C within B and A; D within ¢ 
B and A. and so on. there being any number otf tiers, de 
pending on the population. We select @ 4 units. 6 B units 
from each of the 4 units. ¢ C units from each of the & units The expected mean sauares shown iz i NE eat te 
D units from each of the C units. and so on. The tot the F-ratios are med { esting hypotheses. TI 
number of samples is 7 abcr gq where ¢ s the F-ratios are 
number of units selected from the last tie1 k VvoV “i 0 Para 
The Model. Suppose that we have four tiers. The mode . ARS ; Ser ie - 
) 2) | U. M,, for testing o ee ae 7 a 
where ' ad 


11s the population mear 5) | M./M.. for test 0: Asevecs of tranda 


is the variation due to A : , 
is the variation due to B within A Shes 
is the variation due to C within B and A 

is the variation due to D within ©. B and A 


ind ¢ are assume¢ 


| » he . . j Statistica Dheor Res ‘ R 
to be normally and independently distributed with ze 
Y ns j ld! - 7 7 id 0 I - ly 
ean ind variance 4 and espectivel Vari 
The Calculations The computational formes are 


OC Computers for Machine Contre Parts 1 & Il ( 
vy Ers) ] Amber and Paul S. Amber, July and August 195¢ 
1 jn : Statistical Approach to R & D Problems.” R. L. B 
W. H. Horton, May 1956 
\ > 4 \; r/o} Syste for Evaluating | ( 


Dece ber 1955 


hs > 2B | ZA ) in Books Recommended for Further Reading 
, Statistica Analvsis in Che ist it t (he 


\ ( \. Benne in N. I I nkiit John Wile & S Ne 


The analvsis of ifia 


lers Is shown 1 Table XX 


(] Mhere is no true effect due to C. or o 0) REPRINTS ARE AVAILABLE 
No. 736 


(2) There is no true effect due to B or a ) 
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Control Panel Layout 


to JIC 


Vajor considerations in the design o] con- 
trol panels for industrial machinery are 


ease of servicing in the field and safety 


; 


a maintenance personnel. JIC Electrical 
Standards can be a guide in achieving 
good layout. as pointed out by examples 
conforming to selected JIC paragraphs. 
Wiring diagram layout techniques are 


fime savers. 


Ff. R. CARLSON 

Supervisor, Pan-A-Trol Engineering 
General Purpose Control Dept. 
(eNerat Evectric Company 
Bloomington, Illinois 


ALTHOUGH JIC ELrecTRIcAL STANDARDS for Industrial 


Equipment are primarily formulated and maintained by 


the automotive manufacturers (see box), they most cer- 


an excellent guide to the design and construc- 
tion of top-quality electrical equipment for 


tainly are 


providing 
power and control to equipment used in any industry. 
During and after the adoption of the third revision of 


' 


these Standards. there has heen considerable discussion 


t 
. 
a 
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>The Joint Industry Conference began in 1944 as 
a committee representing four automobile manu- 
facturers—General Motors, Ford, Chrysler and 
Packard. The original purpose was to set up uniform 
specifications for electrical equipment on purchased 
industrial machinery. Later the informal committee 
was expanded to include other machinery users and 
representatives of manufacturers of such machinery 
and of electrical components, and the title of “Con- 
ference” was adopted. The first JIC Electrical 
Standards for Industrial Equipment were issued in 
1948 under the imprint of the major user groups. 
The third and current revision was adopted in March 


SOTSOSSSHSSSSSOHSHSOSCSSHSHFOSOSS®E 


wt 
id 
& 
a 
a 
a 


SOSSSSSSCOCC Ot 


cS é¢ Seece oe 


Background on JIC 
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Standards 


onsidered too 


ibout the various requirements. Some art 
restrictive: others are debatable. This article is not in- 
tended as further discussion of the pros and cons of 
JIC. but only as an illustrated guide to control panel lay- 
out requirements in line with these standards. 

\ well-designed lavout ot an elec trical ontrol panei 
is extremely important in many considerations: installa- 


tion, component life, maintenance. operation. safety, 


onstruction and saleability are all aided by a_ well- 
designed layout. Safety to operating and maintenance 
personnel. uninterrupted production and. as a corollary, 
long life of equipment and ease of maintenance are all 
basic objec tives of JIC Electrical Standards too. 

The installation man is primarily concerned with ade 
quate wiring room for external connections. Therefore 
a good layout should include sufficient space adjacent 
to the terminal boards so that external wiring will not 
be crowded. JIC paragraph E17.4.2 requires that there 
be at least 1 in. between exposed, non-arcing. current- 
carrying parts and the uninsulated wails of an en losure. 
Therefore. terminal boards should be mounted no closer 
than 1 in. to the edge of the base plate. A clearance of 
2 in. is preferable, particularly on larger panels 

Adequate space should also be considered for motor 
leads to starters. JIC requires load terminal boards for 


AWG No. 4. per 


E21.2.3. Therefore. for the larger size motors. adequate 


motor leads up through paragraph 
space should be considered for running the motor leads 
directly to the starter. If it is possible to determine in 
advance where the conduits will enter the enclosure, this 
information can be used to advantage to design a more 
convenient layout for installation purposes. External con- 
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1957 and was published in Ecrectrica, MANUFACTURING 
in June 1957. (Reprints available: see p 280 for 
ordering instructions!. Publication of JIC Standards 
has been invariably preceded by an open meeting. 
set up by the automotive group but attended by the 
Electrical Committee of the National Machine Tool 
Builders Association and unofficial observers from 
NEMA and other machinery associations. The 1957 
JIC Electrical Standards have been renumbered in 
line with the coded paragraphs of the 1956 major 
recast of the NMTBA Electrical Standards, and there 
is now about 80 per cent duplication of wording 

. Epitor 
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PICTORIAL REPRESENTATION OF 
APPLICATION OF JIC STANDARDS 





E17.2.1 All control devices normally pane! 
mounted for any one piece of in- 
dustrial equipment shall be mounted in one 
enclosure or compartment instead of in sev- 
eral enclosures or compartments at different 
locations on the industrial equipment 


E17.2.6 A minimum of 15 per cent of 

clear panel mounting space 
shall be provided for large panels, and 
30 per cent for small panels to permit 
adding future control devices. 


E17.2.4 B. Power and con- 
trol voltages shall 
be on separate terminal strips. 





E17.2.3 In no case shall any device 
be mounted directly above the 
disconnecting means. 


oo 
- 
Aa 


oe oe 
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E17.2.2 B. Control equipment 

shall not be door or 
side mounted, except for devices 
such as: pushbuttons, selector 
switches and pilot lights, con- 
trolled by operator. 


Pe Be 


ov | wri | Pad § 
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E17.2.3 Any device or devices mounted on 
the control panel carrying line 
voltage, or a combination of line voltage and 
control voltage, shall be grouped above or to 
the side and segregated from devices which 
carry only the control voltage. This need not 
apply when the line voltage is 115 volts. 


£17.2.4 A. The terminal blocks 
shall not be stacked 
above each other. 
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€17.2.2 A. All front-of-board mount- 

ed starters, contactors and 
other control devices shall be mounted 
on a rigid panel in such a manner that 
the complete control panel can be re- 
moved erousth the enclosure opening. 
Such panel shall be a minimum of No. 
12 uss gage (0.106 in.) for device 
mounting screws % in. or smaller. Ad- 
ditional reinforcement or heavier gage 
panels shall be provided where larger 
device mounting screws are required. 
All device mounting screws shall have 
American National form of thread. All 
devices shall be removable from the 
front. Nuts shall not be used behind 
the panel to secure components. 


E17.2.2 A. No components 
shall be mounted 
behind door pillars. 


E17.2.5 Space shall be provided adja- 

cent to all devices mounted on 
the control panel to allow for mainte- 
nance. 


E17.2.2 C. Intermediate panel be- 

tween door of compart- 
ment or enclosure, or similar back- 
connected panel, shall not be permitted, 
except on electronic or comparable 
control. 


nection points located too close to the bottom of an 
closure also can make installation difficult. JIC paragraph 
E17.3.4 covers this situation. 

The life of control equipment can be seriously affected 
by improper layout of heat generating apparatus. Re- 
sistors, rectifiers, transformers, etc. should not be mounted 
below devices with coils or thermal overload relays. Con- 
vection currents can shorten the life of coils and caus« 
nuisance tripping of overload relays. The life of heat 
generating devices can be affected by the position in 
which they are mounted. Rectifiers, for example, should 
be mounted with the fins vertical to take advantage of 
the chimney effect for dissipating heat. The proximity of 
rectifiers to other heat generating devices should be 
avoided. since the life of the rectifier could be shortened. 
If, after positioning heat generating devices as outlined 
above, detrimental temperature rise is still encountered 
in the control enclosure, forced ventilation may be re- 
quired as described in paragraph E16.2.10. 

From a maintenance viewpoint. adequate spacing be- 
tween components in a panel is the most important con- 
sideration. JIC paragraph E17.2.5 specifically covers this 
point. “Adequate space” is a relative term and therefore 
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difheult to define. Each type of device has its 


( 
} i 


require- 
ments for maintenance space. In determining adequate 


spac ing, consider what is necessary for the replacement 


of contact tips, coils. etc.. or of a « omplete device. Space 


for conducting tests and checking circuits should also be 


considered. This last point is extremely important when 


there is a possibility of working on the panel “hot.” 
From the operational viewpoint, pilot devices in the 


door or sides of an enclosure should be located with the 


normal position ot the machine operator in mind. If a 
separate operators control station is not provided, he 
should be able to reach pushbuttons and see indicating 
lights, meters. et it all times trom his normal position. 
Furthermore, since the main disconnecting device should 
be at the top of a panel. with no device above it (per JIC 
paragraphs E12.8 d E17.2.3). the overall height of a 
panel is limited by the height of the disconnect. JIC para- 
sraph E12.10.1 says: “The center of the grip of the 
operating handle of the disconnecting device, when in 
its highest position, shall not be more than 615 ft above 


the floor and should not be lower than 3 ft above the 
floor.” 

Safety Considerations. Good layout means the dif- 
ference between a panel that is safe and one that is not. 
The disconnect means should alwavs be at the top of the 


o lines 


panel to reduce the possibility of the hot incomin 


being contacted when the disconnect is off and the en- 


closure door 1s open. To provide a more substantial 


mechanical interlock on the door. the disconnect means 
should be located opposite the hinged side of the door. 
Devices with power voltage on them should be separated 
from those that have only control voltage. JIC paragraph 
E17.2.3 requires that “devices carrying line voltage or a 
combination of line and control voltage be grouped above 
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Fig. 1—Transparent tem- 








plates. which in most 





cases are obtainable from 





component manufac- 
turers, are scaled to the 
size and shape of the 
devices they represent. 


one 


a 60% door open 180" — 





Fig. 2—Templates are taped to transparent paper to make the contro} 
panel layout; a reproducible copy is then made so that additional prints 
may be obtained. Templates may be re-used. 


or to the side and segregated from devices that carry only 
control voltage.” Thus. if a maintenance man needs to 
work on the panel while it is energized. the possibility 
of his coming in contact with line voltage will be re- 
duced. Adequate spacing of the components is also 1m- 
portant from a production viewpoint. If the panel ts 
crowded. wiring is made difficult and. as a result, more 
time consuming. 

In making a panel lavout drawing. the first step is 
to determine from the elementary diagram what com- 
required, Second, establish the limiting 
dimensions of the enclosure. such as: (1) door width 
cannot be greater than 36 in. per JIC paragraph E16.2.1:; 
(2) even if the panel is not to meet JIC standards, avail- 
able aisle space should be considered: (3) if it is neces- 


ponents are 


sary that the width dimensions be larger than that allowed 
by aisle space. use double doors: (4) if panel is to meet 
JIC specs and is to be floor mounted. devices on the 
panel should be no less than 18 in. above the floor. 

For making a trial layout. it is suggested that cross- 
hatched paper be used. Lay out the limiting dimensions. 
Next. lay out the base plate dimensions inside the en- 
closure. using as a general rule that both dimensions of 
the base plate should be 2 to 3 in. less than the corre- 


sponding enclosure dimensions. 


Template Techniques. One method of making lay- 
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outs which has proved very successful at the 
Purpose Control 


General 
Department of the General Electric 
Company is the use of transparent scaled templates of 
the components. Templates such as those shown in Fig. 1 
are available from most component manufacturers.* 
Step by step. the procedure is as follows: 
1. Using a transparent plastic over-lay sheet on 

a 14-in. grid-lined table. lay out the limiting 

dimensions of both the enclosure and the base 

plate. 


2. Using the device templates and transparent 
pressure-sensitive adhesive tape. lay out the 
the panel considering the points outlined 
above. (See Fig. 2. 

3. Make a master print. such as an Ozalid trans 
parency. from which duplicate copies can bi 
made. This step permits re-use of the tem- 
plates. 

Checking List. After a panel layout has been made. 
it has been found helpful to review a “check-list” such 
as the following to discover points of conflict or omission: 


1. Will the door open? (Is aisle space avail- 


‘ a 
able :) 

(Continued on page 308 
*See “Photo-template Tec gues for Contr Drawings Evecrricat Man 
FACTURING, October 1957, p 16 
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Rept BLIC AVIATION CORPORATION 
Boolean Algebra 1 


Farmingdale, N. Y. 


Language and Laws 


Basic concepts of boolean algebra as a system engineer’s tool 
for understanding and designing electrical, mechanical and 
hydraulic switching systems. 
J a a se POM iesits — es . ; . ; 
i ; COMPLTING AND CONTROL TECHNOLOGIES have in the pas 
' few vears enjoved considerable expansion. fostering the 
i : evolution of systems engineering and the development of 
| Published by Demand . | | 3 
i ; new analytic tools to assist the designer. The day seems 
' The many reprint requests for earlier articles on ; past when one man can simultaneously retain all details 
— circuit design have placed —— — of an engineering project in his mind. As a result certain 
: high on our list of “popular” subjects. Yet these mathematical tools have had to be devised to allow a 
‘ initial efforts only touched on the full capabilities 
' of boolean algebra and related techniques as use- ' comprehensive approach a the problems of eyneme age 
j ful approaches to switching circuit and logic sys- sign which would free the engineer from much verbal 
tem design in any medium: mechanical, electri- detail. 
8 eal, hydraulic, electronic or solid state. One of these tools is boolean algebra and its engineer- 
: [ This is the at of Gve separate articles planned ing extensions. Adapted to the svnthesis and analysis of 
: to promote wider use of boolean techniques : 3 ao . : 6] ; 
especially by engineers who may feel that boolean switching and digital control systems. it fulfills the re- 
algebra is too specialized for their field (or too quirements of a mathematical technique which simplifies 
. highbrow for them). Succeeding articles will 


° 1 
an engineering problem. 
cover: circuit analysis, circuit design or synthesis 


and some new techniques that make boolean al- : 1 {BA t 
. : ° ° - > } o a( or ot svmbpolis » . a 2s ne a se 
gebra suitable for handling sequential circuits. more than a collect . — ° 


There are many kinds of algebras. An algebra is nothing 


When all five articles have been published, they of rules governing their manipulation: it serves the pur- 
will be available as a combined reprint; details in pose of a shorthand which makes computation easier. The 
a later issue. reader is no doubt familiar with at least two different al- 


Wittiam Arrort, Associate Editor 


gebras: ordinary algebra and vector algebra. In these 


two cases the symbols stand respectively for numbers and 


ne eet ee ae 
* 
> ' 


vectors. and the rules of operation are considerably differ- 
ent. Boolean algebra is a third distinct algebra. a short- 
hand based on formal logic and applicable to the design 





of electrical. mechanical and hydraulic switching systems. 
Motivation. The domain of boolean algebra is any 


system (of devices. circuits. statements. etc.) whose state 





mav be described by one or more binary choices: off/on. 
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1 All conventional switching devices have two states: 
| and the hindering state is designated as 0. 


“on” or * 


ee ee 


‘off.’ In boolean notation the transmitting state is designated as 





2? Devices which operate together are given the same letter designation. 


also given the same letter but with a prime 


mark. 


go/no-go. true/false. ves/no. 1/0. Its usefulness lies in 
that one is able to translate problems involving such 


systems into equ itions. solve these equatio1 s. and directly 


convert the answer into physical devices or statements. 


The engineering 


applications of boolean algebra i 


lude a wide class of switching systems. Among these are 


controls, digital computers, fail-safe circuits. 


telephor e 
exchanges, desk calculators, chemical batching processes. 
and aircraft hydraulic systems. Moreover, military speci- 


o! 


statements of the form “shall” and “shall not” often lend 


fications and legal documents involving collections of 


themselves to analysis by this technique. 

Historical Background. The principles governing the 
operation of switching circuits were perhaps first formu 
lated by Aristotle in approximately 330 BC. (1)* 


unfamiliar with electrical phenomena, he chose to explain 


Being 


his discoveries in terms of certain laws (or propositions) 
governing the valid deduction of statements by means 
of formal syllogisms. His essays on this subject remain 


a standard text in formal logic to this dav 

In 1847 George Boole published a treatise. The Mathe- 
matical Analysis of Logic (see also in which formal 
logic was cast into an algebraic form. permitting its appli- 
cation to problems too complex to be conveniently treated 
by Aristotle’s syllogisms. Aristotelean logic, 
verbal, had to be provided with a symbolism 
nowadays called boolean algebra) 


being en- 
tirely 
in order to permit 
the advancement of this art. In recent times, mathematical 
logic has evolved considerably. through the study of set 
theory and the investigations of a large number of 
modern logicians. (3, 4) 

rhe application of boolean algebra to engineering, and 
to switching circuits in particular, should probably be 
*Ita ic numerals in 


parentt t Cit R es at end of text. 
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Devices which act simultaneously in opposition are 


lited t ( | . Shannon. who de monstr ated the 


1dvan- 
As the 


importance of this subject has grown. so have the tech- 


tages of this fortuitous connection in 1938 


niques for employing boolean algebra and 


to study very complicated circuits, to 


its otftshoots 


synthesize them 
from specifications and to optimize existing circuits. It 
is evel 


possible to employ digital computers in the logical 


lesign of other computers, making use of programmed 
techniques derived from boolean algebra. 


BASIC CONCEPTS 


Switching Devices. Switches. hydraulic 


valves and diodes all have a certain property in common: 


clutches. 


they may be described as being in either one of precisely 
two conditions or states. Switches may be on or off, 
valves open or shut. diodes conducting or nonconducting, 


| 


ized. 


ind clutches engaged or diseng Because of this 
property they may be called switching devices. It is 
the study of their interconnections which will form the 
subject of this article.7 

States of Devices. The two-state nature of switching 
devices permits the use of conventional logic to discuss 
circuits composed of these elements in precisely the same 
way that logic is employed to study chains of proposi- 
tions. First it will be necessary to label the two states of 
1 switching device. Instead of using words such as “on 
off.” “engaged /disengaged,” etc. (which tend to become 
cumbersome), it will be expedient to use the rather 
noncommittal designation of 1 and 0. This has the ad- 
vantage of not restricting the discussion to any specific 
kind of switching device. and permits facile application 
to all situations in which the binary-state property occurs. 


iean gebra can be extended to nelude € s Ww I hav three or 
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The terms 1 and 0 are purely arbitrary—some authors 
replace them with 0 and 1 respectively, some with T and 
Ff. For the purpose of this series of articles, if a device 
is said to be in state 1 or to have a value of 1, this will 
mean that it is transmitting information (i.e., the valve 
is open, the switch is closed, the clutch is engaged). 
Conversely, 0 will be taken as the 
is hindering information (see Fig. 


state of a device which 
M', 

We may now proceed to write an equation: If Device 
{ is it has 


] 


ransmitting, a transmission of l. or: 


{ | 
when Switch B 
B 0 


In a given circuit, all devi 


imilarly. S open: 


es which operate together or 


re actuated simultaneously by the same command are 
mally given the same letter (see Fig. 2A). When a 
given device always acts in opposition to another 
(say Device A) it will be denoted by “not-A,” or 
s 1’ (see Fig. 2B 
I example a sWitch will ne pal I rmally en 
icts and one pair of 1 nally-closed contacts uld 
them labeled A and A espectivels see Fig 
\\ the switch is operated these contacts. would | 
: ed respectively | 
{ | { | 
f ot operate - tively | 
f 0 f | 2 
Negation. | ead s already be roduced to 
t eval fa simple ¢ nt if 1’ be g t 
{ | the same tas iv s ) Z 
I il tf an entire p ~¢ sing the 
| : | the ‘ - 
“| , a ack 
¢ ritte I< 
Lhe s k 
net g terms. nega g sidered as 
s: Suppose that in a given system there are two 
S I es, Vaives black es \ ire related v tne 
] hat one is transmitting whenever the other is t 
-mitting. and vice versa. Each of these t devices 
= said to be the negation of the the lf the first we! 
1 4. then | convention the othe would be la tee 
1’. A permanently closed circuit (which always transmits 


is clearly the negation ol a permane! oper I 


Generalized Notation. There is a general 


representing swilt hing devik es in logic al cire uit diagrams. 


way of 


Since (for logical purposes} one may reler to switches. 
etc. they all will be 


alves. clutches, \ 
called switches with the understanding that any switch- 


interchangeably. 
ing device could be substituted. Furthermore. the sym- 
bols of Fig. 


to stand for these switches and their negations. 


1 will be used in subsequent circuit diagrams 


\jl devices are pictured in their normal or unactivated 


states. Normally-hindering devices (e.g. normally-open 


switches) are described by capital letters, normally-trans- 


mitting devices (e.g. normally-closed switches) by primed 


eee ren renee sma, 


pemprrraeniaceemnennsea eee 


ARNO SA A A Ee i eel 


3 [he prime mark also indicates that one device (or cir- 
cuit) is the negation of another {© means NOT A 
ij i letters De es é er ked ft 
nd/or close together are denoted by the same lette 
; . ; D af & <3 ‘ 
Series Circuits. Referring to Fig. 5, it is clear that 
s series circuit v t smit ly if both A and B 
transmitting. | rds series connect in 
= oO aii es is the t nes ing 2 
stateme B ( The alge 1 symb 
i series : al equivalent will De 
| the rig. 3 f est s 
f B, s 1p 
| : 
This op ss es lled log iltiy 
| © I oy, t wit ‘ I mul 
t ft t a7 = ~ t - 
47 ‘ ; o S () lid ] \ well 
rt) + ¥ 
ave us <u < <s as ( ( s op 
‘ The ™ G a) tre 1 toward the 





The 


4 circuits is that 

normally hindering (normally open) devices are described 
by capital letters and normally transmitting (normally closed) 
devices are described by primed capital letters. 


generalized notation of switching 
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Since the circuit of Fig. 5 will transmit (have the 


value 1) when both 
substitute 1 for 
braic rule: 


{1 and B are transmitting. one may 
{ and B and obtain the following alge- 


l x ] l iO) 
Similarly. if either A or B or both are not transmitting 


(value 0) the entire circuit does not transmit. Therefore: 


0x ] 0 ‘ 
l 0 0 (3 
0 0 0 (Y) 


Figure 6 illustrates four other rules of logical multi- 
plication which will become very useful. They state, in 


essence: 


A. A switch in series with a closed circuit behaves 
logically as that switch alone. 
B. A switch in series with an open circuit behaves 


logically as an open circuit. 


C. Two switches which always operate together, if 


connected in series, behave logically as one 


switch. 
D). Two switches which always operate in an opposite 
sense (e.g. a switch and its negation) if connected 


in series, behave loz ally as an open cir uit. 


In terms of boolean algebra. these statements may be 


written as: 


{ | { 10 
{ 0 (0) Ll) 
f f 47 (12) 
1xA 0 (13) 


Parallel Circuits. Parallel circuits are characterized 
by the fact that they logically spell out “either .. . o1 
or both.” For example, the circuit of Fig. 7 will 
transmit when either A or B or both are transmitting 
The symbol (+) will be used to denote a parallel con 
nection of switches. Thus the circuit of Fig. would be 
algebraically written as (A + B).3 


called 


logical addition. Again there is no equivalent in ordinary 


This parallel-circuit operation is sometimes 
arithmetic. Certain equations will later appear which may 
remind the reader of arithmetical operations. but the 
analogy does not always hold.* 


Nat 14x AXA 4 4 1 
Ss Keist a 


Table I—Boolean Algebra Dualities 





Series Circuits Parallel Circuits 


0x 0 0 ee ] 
lx0=—0 0 ] ] 
Lease 2 0 0 0 
4x0—0 { l ] 
4 1=A 4 0 4 
Aaa = A bade cA 
4x A’ =—0 4 A ] 
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‘ { } eunabacd 
B 


A Ax B 
5 Boolean notation for a series circuit 
3 oe 
& 1 | If 23 


0 nails Ax0=0 


(+ AXA=A 


6 Rules of boolean “multiplication.” 


By substituting 0 and 1 for 4 and B to denote hin- 
drance and transmission respectively, a number of al- 


gebraic rules regarding connections may be 


parallel 





obtained (see Fig. 8): 


\. Any device in parallel with a closed circuit be- 


haves logically as a closed circuit 





B. Any device in parallel with an open circuit 


haves logically as that device alone. 


C. Two switches which always operate together, 
when placed in parallel. behave logically as one 


switch. 


LD). Two switches which always operate in an opposite 


sense (e.g. a switch and its negation) behave 





logically as a closed circuit 
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A+1=1 


-_ nd 


i +4 + a 


8 Rules of boolean “addition.” 


In terms of boolean algebra, these rules are written as: 


B {+0 { (15a) 
| = €) ] L5b 
0 0 0 (15e) 


Table I summarizes the logic of series and parallel 


switch connections, as developed above. [ pon i 


| ing 
the two columns of Table Il. a certain similarity will be 
noticed. By interchanging -~) and . simultane- 


ously substituting 1 for 0 and vice versa. column 1 be 


comes column 2. This phenomenon will 


ill appear less 


fortuitous when the subject of duality is discussed 


THE ALGEBRA OF CIRCUITS 


The underlying motivation. it will be remembered, 


I i I 


is to develop a method by which a switching circuit 
set of requirements may be converted to equations, these 
equations solved, and the result translated to a simpler 
circuit 


which meets the requirements. Any switching 


circuit may be regarded as a combination of series and 
parallel connections. Therefore the last step in the de- 
velopment of the fundamentals of switching theory is to 


discuss these combinations. 


Combination Series-Parallel Circuits. Figure YA 
shows a series-parallel circuit consisting of one DPs1 
(B and C}. In terms 
of boolean algebra it would be represented by 


{B i¢ 18 


switch { and two SPST switches 


The fact that the twe rcults are equivalent means that 


equivalent: 
1B {( ((B + ¢ 


This is known as the first distributive law of 


) 
boolean al- 


gebra. The fact that it closely resembles the distributive 


coincidence 


law of ordinary algebra should be taken as a 


There is a se nd distributive law of boolean alzebra 
which has no sucl interpart. Referring to Fig. 10. the 
second distributive law mav be observed: 

P-_EB { ( {4 Be 2] 


A Practical Example. It might be useful to clarify 
the development of the last few pages by illustrating 
how a circuit may inalyzed with the aid of boolear 
algebra. The circuit of Fig. 11A no doubt can be simpli- 
fied by casual inspection. It has been chosen to demon- 


method. The fol- 


f 


strate one capability of the algebrai 
owing steps are involved: 
|. Redraw the diagram using generalized notatio: 
2. Write the algebraic expression which represents 
the circuit 
}. Using the rules of boolean algebra. reduce the 
expression to a minimized form. 
1. Convert the new algebraic expression ii 
simplified circuit. 
The reader might verify that the algebraic expressio 


L1B is: 
B+ A[A+C(A+D 22 


The second term may be reduced as follows: 


{ + AB {(1 + B) f 


for the transmission of the circuit of Fig. 


(A +C)(A + AB)| 
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the distributive laws (above) 


Combining this result with the first term: 


(A+ C)A (AA + AC (A 1( 1 


1 


lhe third term may be simplified wholesale by observing 


that: 
{4 { 
{(] 
thus B {1;A + C(A 


anything anything 


anything) { 


D B+A 


At this point the original expression is reduced to: 


1 +-C)(A)(B + A) 
however (4A + C)A f 
and A(B + A) f 
therefore Eq (22) A 


11B is the 


his may have appeared to 


Che logical equivalent of the circuit of Fig. 
Lit 


involve a considerable amount of algebra to accomplish 


circuit shown in Fig. 


what some engineers can do other wavs. However. the 
example should serve to illustrate the utility of boolean 
algebra in simplifying complicated switching circuits. 
As the reader acquires facility in the technique, many of 
the steps which have been explicitly shown become men- 
tal ones. 

Combinations of Black Boxes. The development 
thus far has referred to switches (implying hydraulic 
valves and other devices as well). It should be noted that 
no detailed properties of these dey i es have been involved, 
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Example of circuit reduction. Circuit is redrawn using generalized notation and then reduced by 


SN AN EN er eR NER NE NR RS ek RE Le re Ne nee oan sna ern + cme 


to yield the final circuit (see text for actual algebra 


the rules of Table I and 

with the « xception ol the fa that each device is alwavs 
either on or off. 

There is no intrinsic reason why the letters A, B. C, 


etc. entire circuits o1 


could not black boxes 


which have the property of being on or off according to 
some set of rules or operations. These black boxes them- 


represent 


selves could consist of entire networks of switches. Thus 


one may analyze a fairly complicated circuit by first 


dividing it into subcircuits and treating these alzge- 
braically. In a sense this has already been done in 


11. 

Boolean Functions. Any expression of boolean alg: 
bra is called a boolean function, or simply 
Each of 


(called the variables of the function) 


analysis of Fig. 


a functio: 
different letters 
and a total num- 
ber of individual entries (called the literals of the func- 
Note that the of literals 
greater than or equal to the number of variables—ky 
(22) contains 11 literals involving only four variables. 
When translating a function into a circuit each vari- 


function contains a number 


tion). number is invariably 


able becomes a switch and each literal becomes a pair 
of of the the 
purpose of boolean analysis is to minimize the numbet 


contacts on one switches. Since major 
of contacts required to perform a particular job, the 
prime object of the algebraic manipulations is to minimize 
the number of literals appearing in the function. 

4 boolean function essentially answers the question, 
“When does the circuit transmit?” This can be deter- 
1 for the 


mined as follows: Substitute the values of 0 or 
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variables in the function (remembering that if a certain Table il—The Language and Laws of Boolean 
variable is replaced by 1 its prime is replaced by 0 Algebra 
and vice versa). Those combinations for which the func- 


esses 


tion is equal to 1 (see Table I) represent the combina- "Rak A aaa Be mae 
tions of switching states for which the circuit will lis Aes Bae teak sR 
transmit. ’ Not A a 
As an example, let us determine when the circuit of Nee 4 ‘ 
Fig. 9B will transmit information. Its transmission func- Or —} 
tion is: On me 
1(B C) 
Substituting values of 0 and 1 in this expression, the ; : , od . 
following table is obtained: 
{ i { {A 1 
Values of [ransmissi rf i i ! 1A 0 
iB ies 4.4 f B B { iB BA 
. areal pe 1(B + 1B iC A+ Be {.R 
(7 t) oD ‘} 
0 O ] 0 f ! 
010 an { iB { 4 (A B { 
s { 1B { B 1(A B AB 
O.F 4 8) B ‘ vB" ‘BC ; . 
Bini () 
Lol ] 
>) @ 
avg l San aaa 
This circuit will therefore transmit when switch A is 
closed and either switch B or C or both are closed. While 
this result is hardly surprising, it serves to illustrate one a oe ee ee oe ee 
technique by which more complicated circuits may be required properties. as can be seen from the following 
analyzed. table: 
Negation of Functions. The concept of negation has 
already been discussed. With this in mind, one might Values of lransmission of Transmission of 
inquire as to what is meant by negation as applied to an {8 {B 4B 
entire circuit, black box, or function. Circuitwise, the see egy a Se ee 
negation of a black box is one which has a transmission a1 
of 0 whenever the original device has a transmission of 1 0 
ind vice versa, as illustrated in Fig. 12. Suppose that a 1] a 
ircuit is required which disconnects whenever switches : 
{ and B are operated. Now AB will transmit only when Since both functions have the same values in all cases: 
both A and B are transmitting; its negation will be one (AB { R’)* 23 
which transmits whenever AB is not doing so. Symbolic- 
illv, the negated function is (AB)’, which unfortunatel; 
is not readily translated into a circuit composed only of 
/ 
—-— }f— _ 
A’ 
a | I — Lo |g 
. ’ a J Negative of a normally hin- 


dering series circuit i= a nor- 
mally transmitting parallel 


0 O i 





4 — | = —4-—__— 

[ A’ B’ 13 

L__| — Negative of a normally hin- 
B : 


dering parallel circuit is a 
normally transmitting series 


MAY 








The reader is invited to verify the following three 
identities: 

B= 4B)" (24) 

1'B \A B (25) 

(A'B’) { B (26) 


Equations (23) through (26) express the laws of 
negation as applied to functions. In practical terms, they 
converted to an 


show how any series circuit may be 


equivalent parallel circuit and vice versa. 


t t s a : 1 \ t ses ¢ an tw 


D ae 
|x 
eT =e saecmietnieibaaaes | I 
xX “4 
6X ye 
«4 
0 
™ a 
a ce 
~ . 


14 Two examples of path tracing: \ circuit’ transmits 
along either Path 1 (A) or Path 2 (BC) 


+ ao boolean 


transmission function is 4 + BC; (B) circuit transmits along 
four paths, transmission function is DE + GH DFH GFE. 
E 
= 
D 
| F H | 
EE 
i 
G | H ! 
|-—~ 
i—+ 
F E 


15 This so-called “reduction” of Fig. 14B has a simple 
transmission function (see text) but a more complex 
circuit. Direct algebraic analysis usually will reduce a circuit 
but not necessarily simplify it. 
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The rules for negating any boolean function can be 
stated succinctly: Negate each element of the function, 
interchanging (+) and (>), recalling that double neg- 
atives are affirmatives and that parentheses must remain 
fixed. For example: 

[ (AB CD) E}|' (A’ By AC’ 4-27) -2" ** 

Duality. The last theoretical point to be considered 
before discussing a number of practical illustrations is 
that of duality. In connection with Table I it was noted 
that the laws in the first or second columns were directly 
related to other. If this 
formed into a general principle, one could immediately 


each relationship could be 
state half of the laws of boolean algebra without further 
proof. In fact this can be done. 

The principle of duality may be stated as follows: Any 
lau of hoolean algebra may be converted into another 
) with \ and O with 1. The 
equations of Table I] demonstrate this principle. Another 
example: 


law by interchanging | 


could have been 
derived from Eqs (23) and (24) respectively by the us 


of duality 


Equations (25) and (26) 


Circuitwise. if one has a problem involving 


series Col 
nections and a law involving parallel circuits which is 
nearly applicable. he can convert the law into its dua 
and thereby solve the problem 

Furthermore. hindrance is the dual of transmission. It 
has been noted that the boolean function of a circuit 
needs al 


“When does this circult hinde 


tells when the circuit will transmit. One often 
answer to the question: 
information?” This can be ascertained by forming the 
dual function. then substituting ones and zeroes into the 
left-hand side of the equation to determine the states for 
which the function is equal to 1. It must be remember: 

the forme [ 


that since | and O have been interchanged. 


now stands for hindrance. 


SOME APPLICATIONS 


In the past few pages the foundations of boolear 
ilgebra have been developed and partially explored. Using 
tools. it 


switching circuits. 


these Variety 


Is possible to study a large 


determine their behavior, and mi 

imize them. So far almost nothing has been said about 
the devices which form the elements of switching circuits. 
nor about some of the methods used to convert circuit- 
to equations. These will be discussed in this section. It is 
not intended to consider all of the switching devices o1 
analytic methods accessible to boolean algebra: a few 
have been chosen as illustrations. 


There are a number of other. more powerful tools 
available for designing and analyzing complicated circuits. 
These will form the subject of Parts II and III of this 
series. 

Electrical Switches and Relay Contacts. At thi- 
should find little difficulty with the 
application of boolean algebra to circuits composed of 


switches and relay contacts (not necessarily relays). A 


point. the reader 


relay is a device whic h may he used to close or open a 
number of contacts simultaneously. When the relay coil 
is included in the circuit a much more complicated 
situation may ensue. The relay may. in switching. alter 
the boolean function of the circuit during the very time 


that the circuit is operating: this type of circuit is called 


ee Ant 
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: D= ABC 
ns y_] ds | a 
lane 


ce NOREEN EI PNR EAR ANIMA 


5 D=A+B+Cf ; Y 
2 a a— 
16 Diode AND gate \) and or gate (B). 17 Three negation ‘ circuit: 


nethod. to be described later. The circuits of this article 
re called combinational circuits. This means that their Path 2 GH 
boolean functions do not change 

The technique which may be used in the analysis of p., DFH 
simple circuits composed f electrical contacts is im- 
plreitooau the examples notably Fig 1] wi mn nave 


curred up to this point: 


2 P j J E a 
Normally-open contacts are denoted by ordinary DI GH DFH — GFE = 





} \ 
letters - 
: , Equation ‘2 = an express nvolving five variables 
2. Normally-closed contacts are denoted ¥ primed 
t i t t als. It é lu i bv tact g te 
lette < 
; imbe equ =s s. such as 
lements which are ganged together bear the same 
DiE + FH) + GiH + FE 2 
letter. 
1) 1 : hie ' ty esented | 1 re = choy 15 
1. Parallel connections are symbolized by boolean eee by Eq (2 : Fig 
idditi By comparing Fig ) with Fig. 14A. the reader may 
adaqaitiolr 
, ; — rifv that 3 1 ie of reuit ductior es rt 
Series conections are symbolized by boolea muiti sb ; : : 
yield s plier it. O t ther hand. the ar ilvsis 
belie atior > 
T ; I Fig | Was re =u essful The V mecius 
hy ductio ot ’ eireuit to hy 
" Path Tracing. [he redu I ny circuit ilgebra iailtet wa Sa ealele | vege ca Chem. Mteet aleilee 
consists of applving » above rules fo rv pat h ‘ } 
sist ‘pp! ing the above rules for every path that mnalysis usually provides a wav to reduce a circuit but 
the current might take. Sometimes a mental analvsis 
: : foes not guarantee its simplification 
will suffice to determine the algebraic expression for the : 
2 oe eae Diodes and Gates. In circuits composed of electro- 
cireult (e.g. Fig. 144A). More often. however. detailed | . 7 
lled mechanical switches and similar devices there s a cleal 
path tracing 1s called tor. oe . i a 
: ee 1 ° ; a distinction between the ymmands and the signals which 
Inspection of Fig. 144A shows that this circuit will ; alt 
’ a ie Seal ire acted upon. In these cases the logical results appeat 
transmit when either 4 or both B and C are closed. The | ] 
as . pa . in the form of electrica mnections or their absence 
function for this cire. s the re: 1 
ine ( if ] cult 3 theretore: the states of these or ections are letermined by the 


f BC 


wiring details and the settings of the various switches 


\ path tracing of Fig. 14 would run roughly as follows: the commands}. It does not matter what kinds of input 
either Path 1 or Path 2 can complete the circuit. In other signals are present as far as the logic is erned. or 
words. A or BC are transmission fractions. Hence whether these inputs ire present at all 
{ + BC) is the total transmission function. In manv cases it is required that the logi msist of 
The bridge circuit ,of Fig. 14B is not quite as simple manipulations of the signals themselves. Most digital 
to analyze. Either Path 1 or Path 2 will complete the computer circuits are of this form. No switches are 
circuit. However, there are two other paths, labeled Paths involved: the outputs are determined by the inputs and 
, and 4. The total transmission would then be: the wired-in rules. Hence the cammands or variables are 
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18 Logic function of a dual control pentode. 
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19 Basic eryotron logic circuits. 


furnished by the inputs. the logical functions describing 
input/output 
capabilities. 


relationships rather than transmission 

Circuits of this type are called gate circuits, and are 
typically composed of diodes (check valves, ratchets) 
electron tubes (transistors), etc. As the reader might 
expect, a gate circuit is actually composed of subcircuits, 
each of which performs a logical operation such as AND, 
or, NOT. The logical states 1 and 0, instead of representing 
connections and their absence, stand for two different 
voltages. Figure 16 illustrates an AND gate and an or gate 
in which 0 is represented by zero voltage and 1 by a 
positive voltage. The reader may verify that with low 
impedance inputs and high impedance outputs the circuit 
of Fig. 16A will have a positive output (D = 1) only if a 
positive voltage is present at A and B and C. Thus: 

es 

An analysis of Fig. 16B will confirm that in this case: 


D=A+B4C 


It should be mentioned that the particular circuits of 
Fig. 16 have been simplified for explanatory purposes, 
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but their operations are similar to those of more practical 
circuits. Hydraulic circuits may be designed and studied 
in an analogous way—here check valves replace diodes. 


Triodes, Transistors, etc. Negation can seldom be 
performed with diode circuits. If pulses are involved it 
is possible to introduce negation via a phase-reversing 
pulse transformer (see Fig. 17A). Ordinarily, however, 
a circuit which will perform this operation requires the 
use of triodes and similar devices. Those of Fig. 17B and 
17C are diagrammatic; they serve to illustrate how a 
triode and a PNP transistor can be applied as negating 
elements. 

It is possible to combine the functions of negation with 
those of logical addition and multiplication and to design 
circuits which perform complex operations such as: 


(A+B+C)’ 
(ABC) 
A'B +- B'A 


The reader may find it instructive to investigate these 
possibilities. 

One of the more widely used logical elements is the 
dual-control pentode. Inspection of Fig. 18 will show 
that this type of device basically performs the operation 


16)" 


Cryotron Logic. The purpose of this paragraph is to 
illustrate how one may determine the logical character- 
istics of a device without concerning himself with the elec- 
trical (or mechanical) details involved in its operation. 

For the present it is enough to recall that a cryotron is 
a superconductive switch, consisting of a small wire of 
cooled to 
coil. When a 
current is present in this coil the wire is raised from the 
superconductive state back to the conductive state. 

The cryotron therefore functions in a manner which is 
similar to that of a relay with normally-closed contacts. 
It is intrinsically a device for producing the logical 
19A). By 


the output wires of two cryotrons in series one obtains 


some meta! which may be relatively easily 


superconductivity, wound with a tiny 


operation of negation (see Fig. connecting 


a device whose output is the negation of an OR circuit (see 
Fig. 19B): 
C= (A+ 8B)’ 
Connecting the outputs of two cryotrons in parallel 
produces the negation of an AND circuit (see Fig. 19C): 
ee | 


The reader might wish to analyze other cryotron 


circuits in terms of their logical operations. There are 
of course many other applications of cryotrons beyond 


~ nN Kh 


combinational logic circuits. 200 


*The function (AB)’—the negation of the product of two expressions—is known 
as the “Sheffer Stroke.”* It is of especial interest because addition, multiplica- 
tion and negation (therefore any boolean function) can be written in terms 
of this one operation. A corollary statement is that any logical gate c 
can be assembled from dual-control pentode circ 
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Magnetic Pulse Generators 


Pulse generators using saturable reactors 


as switches overcome power limitations 


of thyratrons in radar applications. The 
general circuit principles and pulse form- 
ing network design discussed he re apply 


la pulse generating svstems such as an 


gnitron firing circuit. 
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MAGNETIC PULSE GENERATORS are capable oi providing 
peak power output in excess of several megawatts as well 
is low and medium power levels. In a magnetic pulse 
venerator, the repetition rate is determined by the fre- 
quency of the a-c source, and multiples of two, three, four 
ind six can be obtained easily from a three-phase supply 
or from a single-phase source by conventional phase- 

nversion circuits. Pulse widths ranging from approxi- 

itely 0.1 microsee to several microsec are within pre- 
sent design range. 


Electronic pulse generators employing thyratrons are 


Fig. 1—Magnetic pulse generator 
using series core circuit. 


E sin wt 
cone C 


‘eee 


limited in power level, unable to yre stringent 


pass the m 
vibration and shock specifications required for missiles 


7 
and supersonic aircraft, require protective circuitry, and 
ire limited in repetition rate due to the deionization time. 
The filaments of the 


heat dissipation as well as additional circuitry. With 


numerous tubes require additional 
regard to maintenance. reliability and life, tube circuits 
general are inferior to those containing only passive 


elements. 


Magnetic pulsers can satisfactorily overcome these 
problems and are comparable in size, weight and efhiciency 
to electronic pulsers. Pulse shape is of the same quality 
for both units since the final stage circuits are very 


similar. Primary limitations of magneti pulse generators 
ude dependency on the a-c source for repetition rate, 
ind the requirement that in a radar application the 
Various timing circuits must be initiated by the modu- 
lator output pulse. These are not serious liabilities, since 
multiples of 400 cps provide adequate choice of repetition 
ites in airborne applications. Many radar systems oper- 
ite satisfactorily using the modulator pulse as the timing 


Initial development and design of a magneti pulse 


i ; 


generator is considered more difficult than tube circuits, 
ind this is partly due to unfamiliarity with this device. 
Actually. designs are straightforward and suitable cores 


ire readily available. 


Saturable Reactor Operation 


For proper operation as a switch, core materials em- 
ployed in a reactor must have a “square-loop” flux- 
current curve. An example of this type of material is 


srain-oriented 50 per cent nic kel-iron known by various 
trade names such as Hypernik V and Orthonol. When such 
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cores are unsaturated, the slope of the curve is extremely 
steep and the reactor appears as a very high impedance 
because of the low excitation current. As the flux level 
reaches the knee of the curve. the core becomes saturated 
and a sharp transition in impedance occurs. The reactor 
now appears as a low impedance and. in the case of pulser 
circuits. it is driven sufficiently far into saturation that 
its circuit characteristic can be approximated by that of 
a linear inductor. Thus. by varying the flux level of the 


reactor. its circuit property can be switched from a 
high impedance to a low inductance. The reverse switch- 
ing action from saturation to unsaturation is controlled 
by the current flow and is therefore a function of the 
circuit employed. 

The physics ot flux change in a reactor can be under 
From the 


form of this fundamental relationship, using 


stood most readily by using Faraday’s Law. 
integra! 


c.g.s. units. 


1a 
is 














\— 990 Current c2 


e Col 
(b) 


Fig. 2—(a) Charging circuit waveforms for 
single pulse and dual pulse operation; (b) dis- 
charge circuit waveforms and equivalent circuit. 
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and it is seen that the volt-second integral of the voltage 
across the reactor determines the variation of flux from 
the initial condition. Converting to flux densitv. the equa- 


tion becomes 


This equation enables one to calculate the reactor-turns 


ibsorb the impressed 


voltage and is basic in the design of magnetic circuits. 


core-area product 


required to 


Saturable reactors operate cyclicly and the waveforms 
on each succeeding cycle are repetitive (fre quency divider 
and other spec ial circuits excepted } It is clear. then. that 
the positive volt-second integral must equal the negative 
since 


volt-second integral 


positive and negative f{ 
change must be equal for cyclic operation. In the absence 
of rectifiers, the average current must be zero. and tl 


places the appropriate restriction m the current 


forms. 

The tape-wound cores emploved in such reactors 
strain sensitive and, therefore, require core boxes to pre- 
vent mechanical! stress. As a consequence. the cores are 


wound as toroids having a rectangular cross sectior 


\ssuming that the core is far into saturation. its induct- 


ance Is a function of the geometry. To achieve minimum 


core volume. the winding configuration resulting in n 


mum inductance for a given VA must be emplove 


Toroidal forms are efficient for this purpose and, 


avoiding gaps along the circumference as well as avoid 


a large number of winding lavers. inductance 


an be heiad 


within satisfactory levels. 
A-C Charging Circuit 


Before the line charging circuit is considered. its re 
tion to the pulser circuit should be discussed. The pulset 
circuit shown in Fig. | uses the series arrangement 
saturab'e reactors. There are several other configurations 
in use: however. these will not be discussed in this sex 
tion since the charging circuit can be most easily de- 
scribed using the series circuit 

In Fig. 1. L,. a linear inductor and ( omprise the 
line charging circuit elements whch are resonant at the 
source frequency. If a sine wave is impressed across the 
charging circuit in the absence of switching elements. 
the voltage across the capacitor 1, will eventually reach 
a value equal to the product of @ and the input voltage, 
of merit for this cir- 


cuit. If. however. the solution for the first evele onlv is 


where Q is the conventional! figure 
desired. then 


~ (sin f os wl) 
, 


This solution is for the ideal case where losses in the 
charging circuit and the core loss of reactor L, are ne- 
elected. Plots of equation (3) for the cases where the 
capacitor is discharged at the end of the half cycle and 
at the conclusion of a full evcle are illustrated in Fig. 2a. 
Source voltage E is shown for reference purposes. 

In the figure termed “dual pulse.” the circuit generates 
one positive and one negative pulse per cye le, This mode 
of operation requires “doubler” circuits which invert 
alternate pulses in such a manner that unidirectional 
pulses at a repetition rate double the input frequency are 
obtained. The single pulse node is accomplished phys- 
ically by biasing the first stage reactor. L,. so that it can 


saturate in only one direction. 











These waveforms are the transient solution for this Operatic i the chargir circuit is not mited tot 
t case In order to reduce the volt-se nd 


rcuit, assuming voltage and current are zero at time resonal 


equal to zero. At the end of the charging period, ¢ ipacitor which L, must absorb. C, can be charged at a freque 


( completely discharges. restoring the initia! conditions higher than the ec source. This can be i mplis! 
{ zero current and voltage. This waveform will therefore vy tuning L and C, to the desired charging freque 
be repeated for all succeeding cycles. As a consequence, A study of the properties of the nonresonant ct 
this type ot operation is often termed “Tepe iting tran- Ircult is bevond the scope of this articte., For a det 
“le! ts,” lt should be emphasized. however. that the curves Verage otf tne rcult pi! »pe ries see Re ference 2 
iilustrated in Fig 2a are actually those for steady stat Circuit Operation. kor proper peration. [ 
peratior Fig. 1 is designed to saturate wher reaches its peab 
The charging choke. L. prevents the large current peaks L pon saturation. ¢ discharges through the sat t 
from disturbing the source thus serving as a filter. The nductance of L,. charging capacitor ¢ For the s 
current drawn by the circuit is approximately sinusoida fied circuit show! ipacitors C.. = ire equa 
The Voltage step up at the pou t of capa itor discharge rder to obtal optlimun mpedance matching trom stay¢ 
an be determined easily from eauation >}. As noted to stage. With equal capacitors. the peak voltage on ¢ 
in Fig. 2a. for dual pulse operation it is 7/2 and for single will be slight less than the voltage on ( due to the 
pulse it is z This. of course is for the ideal case and sses in transferring the energy. This reductior I 
nust be reduced in practice to take losses into account ige can be dete ned easil n an energy basis since t 
From the circuit of Fig. 1, it is apparent that the volt ore and copper losses for each stage are calculable 
ige wavetorm on ¢ ippears across L,. since the voltage The discharge ircuit of the first stage in be repre- 
on ¢ is zero during the charging of C,. In order to us sented by the schemat of Fig. 2b. where / s the salu- 
equatior 2) for L,. the volt-second integral of jlron rated inductance : The solution for the discharge 
equatior ) must be computed ke r purposes ol design. urrent of this cult Ss a sinusoid. Since the rea 
t is more convenient to use peak « ipacitor voltage, y insaturates whe the irrent reverses, a hali-cvcle sine 
ither than input voltage E. Equations é ind MS wave Is obtlaine in Irequency 
theretore. vield a resu't of the forn 
V Ta 
VA K +o j ere ( ‘ e<ent< e «< e< wwacity t ¢ ind ¢ I 
Bf ; ; 
j;ua i} = 
wit! A equal to 0.173 for single pulse. 0.203 for du ’ 


1 > ee 1 } 
pulse, and AB representing “knee to knee Hux densit \ er 


Fig. 3—Final stage of radar modulator circuit using saturable 
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Pulse forming network 








This equation neglects the loss in the circuit. 
The equation of the charging voltage on C, is 


oO 


te = J V/1 — cos wt (7) 


ix 
Wave forms of current and voltage are shown in Fig. 2b. 

While L, changes flux during the charging of C,, L, 
remains stationary as far as its flux level is concerned. 
L. changes flux during the charging of capacitor C., and 
therefore absorbs the voltage appearing on C,. Computing 
the volt-second integral given by equation (7) in terms 


of Vo, the peak voltage on (¢ 


VA V.(10)8 = (8) 

2AB 
becomes the turn-core area product for reactor L.. As 
before. AB is the knee-to-knee flux density change. 


L., is considerably smaller than L, the period represented 


Since 
hv the discharge of this circuit is considerably shorter 
than the period of the source or, equivalently, the inter- 
pulse period. Thus, pulse sharpening has been obtained 
this stage. 

L. is designed to 


By equation (3) saturate when 1 


reaches its maximum, | Upon saturation, the charge 
C. is transferred to ( 
ance of I 


expressed by the relationship 


through the saturated induct- 


The saturated inductance of a reactor can be 


WNA 

Volume 
is the saturated permeability. NA. for L. is 
considerably less than for L 


re du. (10) 


where u 


due to the large difference 
Thus, L 


L., and consequently, the discharge period for the second 


in volt-second integrals. is much smaller than 
stage can be considerably reduced from that of the first 
stage. Thus, additional pulse sharpening has been ob- 
tained in the second stage. This process of pulse sharp- 
ening is continued in the remaining stages until a 
sufficiently narrow pulse, as determined by load specifi- 
cations, has been obtained in the final stage. Pulse sharp- 
ening is therefore a sequential operation. ( 
from the line, C. by C,, C, by C., ete. until the pulse is 


delivered to the load. This can be conceived as a pulse 


is charged 


traveling from stage to stage being progressively sharp- 
ened. The time taken to travel through the circuit depends 
on many factors such as power level, input frequency, 
and repetition rate, but is usually of the order of 50 to 
200 microsec. 

Although the load is indicated simply as a resistance 
in Fig. 1, the final stage configuration mav actually con- 


sist of a magnetron, pulse transformer, and pulse-forming 
network (Fig. 3). If one considers the final reactor, L,, 
as a linear inductor when in saturation, the design of 
this circuit is similar to that of the conventional electronic 
modulator. Since the pulses in the final stage are very 
narrow, and the reactor is driven far into saturation, the 
assumption of linearity for L,, 
purposes. 


is suitable for design 


One of the differences between the magnetic and elec- 
tronic pulse generators lies in design of the pulse-form- 
ing network. Although PFN’s produced for electronic 
pulsers could be used, a reduction in core volume can be 
achieved by designing a network specifically for the mag- 
netic system. The electronic pulse generator PFN, which 
consists of linear elements, usually has mutual inductance 
hetween the coils. In magnetic systems. 
of the first section of the network is L,,. 
be coupled to the other coils in the network. Using the 
electronic pulser PFN in the magnetic 


the inductance 


whi h cannot 


circuit requires 
/ to be in series with the first section internal network 
inductor and consequently dictates a reduction in the 
permissible value of L,,.. In order to obtain minimum 
core volume. L,, must have as high a value as possible 
consistent with requirements of proper output pulses. In 
the design of the PFN, it is required that the parallel sum 
‘f all capacitors in the network equal C,. 

Optimizing the core volume used is one of the major 
considerations in pulser design. Minimum core volume 
derivations for practical circuits in which losses are in- 
cluded result in an excessive number of stages. Due to the 
capacitors required for each stage, a large number of 
stages results in increased overall size and volume al- 
though the core weight is a minimum. A more practical 
derivation is based on obtaining minimum core volume 
for a specified number of stages. If after calculation the 
cores are too large, the number of stages can be increased 
until a feasible design is obtained. Actually, for the mag- 
netrons employed in modern systems, the optimum num- 
ber of stages can be estimated closely so that calcula- 
tions based on two assumed numbers of stages is ade- 
quate. A detailed discussion of the core volume derivation 
is available in Reference (3). 

\s mentioned previously, there are other configura- 
tions employed for magnetic pulsers. The most common 
alternate configuration is the shunt circuit, where the 
capacitors are in series and the reactors in shunt (Fig. 
1). One variation possible with this circuit is the use of 
the reactors as step-up autotransformers as shown by L,. 
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big. 5—Production model of saturable reactor pulse generator. 
These can also bye wound as transformers i isolation be- 
tween circuits is required, [his scheme has the advantage 


of eliminating the input transformer, thus conserving 
size and weight. 
Many variations of these two basic circuits exist. Most 
olve the use of interstage transformers. Several of these 
rcuits mav be found in Reference (1). Where the volt- 
ize level between stages is changed, the capacitor match- 
must be retained. This is easily accomplished by 
ising the factor of the turns-ratio squared of the inter- 


stage transformer. 


General Circuit Considerations 


Since magnetic pulsers operate from an a-c source, the 
repetition rate must be a multiple of the input frequency. 
Single pulse operation, discussed previously, would result 

a pulse repetition rate equal to line frequency. Dual 
pulse operation together with magnetic “doubler” cir- 
cuits offers a pulse repetition rate twice line frequency. 
Since three-phase supplies are available, a pulse repeti- 
tion rate equal to three times line frequency can be 
obtained by using a single pulse type circuit on each 
phase and combining their outputs. Mixing is usually 
done early in the circuit (often the second stage) so that 
only three individual stages are required for the first 
stage. Similarly, a pulse repetition rate equal to six times 
line frequency can be obtained by using a three-phase 
supply and dual pulse operation. Phase converter circuits 
offer the possibility of many other pulse repetition rates 
such as an output whose pulse repetition rate is quadruple 
that of the input. This can be obtained by converting the 
three- or single-phase input to a two-phase input to a 
two-phase output. In avionic equipment using a 400-cycle 
source, the common pulse repetition rates available are 
100. 800, 1200, 1600 and 2400. 

In multifunction radar systems, it is often required to 
incorporate two pulse repetition rates in the equip- 
ment. The choice of repetition rates available with mag- 
netic pulsers is sufficiently wide to satisfy system require- 
ments so that the problem is reduced to circuitry. In 
order to be competitive with regard to size and weight, 
the components used must be common to both modes. 
This implies that the same capacitors and cores must be 
used for two different average powers, pulse widths, and 
networks. Obviously, the design cannot be optimum for 
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each mode due to the different specifications: however, 
since the higher pulse repetition rate values usually have 
smaller pulse widths, the average power requirements for 
both models are fairly close. The core volumes required 
for each mode would also be of the same order of mag- 
nitude. 

Common capacitors can be used by varying the volt- 
age level on each capacitor. The NA, requirement for 
each reactor, therefore, would probably differ for each 
mode so that the number of turns used for each mode 
would have to be switched. Two modes. therefore, re- 
quire high-voltage, medium power multipole switches. 
Although these switches are not standard components, 
rotary solenoid actuated units have been successfully 
fabricated and incorporated into such a design. The pulse- 
forming network must be designed so that the network 
for the shorter pulse width is a portion of the complete 
network and can be easily switched. This is a procedure 
similar to the one employed in electronic pulsers. Since 
the network required for the shorter pulse widths is often 
merely a single capacitor, the composite design is rela- 
tively simple. A more complete treatment on the theory 
ind design of multiple repetition rate pulsers as well as 
in actual design may be obtained from Reference (4) 

The use of semiconductors in combination with satur- 
ible reactors should receive considerable attention in 
future pulser development. This combination, a version 
of a “hybrid” pulser, would combine the desirable fea- 
tures of both devices. The repetition rate would not be 
limited to multiples of line frequency and jitter would 
be reduced. Performance of the all-magnetic pulser is a 
function of the source characteristics, while the hybrid 
unit would be less subject to source imperfections. The 
hvbrid pulser would also permit the utilization of a com- 
mon trigger source for the pulser and the radar timing 
circuits. The magnetic output stages would retain all the 
advantages of the magnetic pulser, supplying high-power 
pulses virtually unlimited in current-carrying capacity. 
[t is reasonable to assume that considerable future prog- 
ress will be made in this area. The hybrid pulser should 
he satisfactory from the standpoint of withstanding en- 
vironmental conditions, and would further reduce both 
size and weight. 

Many experimental magnetic pulsers have been built 
and several have been in production for the past few 
years. A typical assembly is shown in Fig. 5. Limitations 
of power, performance and design have not been reached 
and magnetic pulsers appear capable of meeting the more 


stringent operational requirements of the future. O O © 
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esign and Selection of 
Miniature Sliding Contacts 


The instrument 


control systems. Maintaining 


sliding contact is a tiny 


electru al 





but hard-working element in modern 


continuity with mechanical relative mo- 


tion by the use of sliding conductive surfaces is an obvious basic principle. but one 


which in practice involves numerous critical and complex problems. 


These may be 


solved only by experience-evolved principles of design and materials selection. 


FRANK W. WOOD. Jr. Design Engineer 


servonics, Inc... Alexandria, Va 


SENSITIVE AND VERSATILE, the miniature sliding contact is 
increasingly common in contemporary control systems 
and measuring instruments. The basic principle is applied 
over wide ranges of voltage. current and frequency. unde 
extremes of ambient conditions. with operating speeds 
that are frequently either so low or so high as to produce 
particular problems in contact design. 

The uses of sliding contacts are diversifving constantly. 
Fig. 1. They are found, for instance. in precision poten 
tiometers, printed circuit commutating devices and volt- 
age dividers. It has become apparent that the funda- 
mental principle to observe in contact system design is 
that each such application is different and that the m« 
chanical shape and size of the contacts and of their sup 
porting and operating structures. and materials selection. 
must be determined for each case on its own merits. No 
one structure or material is ideal for all conditions. 

Contact assemblies consist essentially of three parts. A 
precious metal contact. an arm or support member to 
which the contact is attached. and a holder used to fix 
and position one or more contact-arm assemblies te a 
shaft or the equivalent are the basic components in a 
sliding contact system. Variations in the specific design 
of these elements and in the materials employed deter- 
mine the suitability for particular applications. 


Contact Shape and Material. The material for the 


contact prope! and that of the fixed contact surface are 
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determined by consideration of many factors: this is true 
also of the contact shape selection. Materials and shape 
may be established tentatively from mechanical and other 
requirements. The contact size and to some extent shape 
must then be made suitable for the current expected in 
the circuit by reference to the contact area-against-cur 
rent recommendations of the manufacturers of contacts 
ind contact materials. 

The speed of contact motion is an important deter) 
nant. In d-c circuits arcing is less with higher speed 
contact circuit make-and-break. If arcing is a proble: 
because of a particular combination of current and cor 
tact speed, in order to prevent excessive Contact erosion 
it is necessary to select a contact material with high ar 
resistance and also. if necessary, to employ an are-sup- 
pression circuit, Fig. 2. 

For minimizing wear and extending total life of a con 
tact it would appear that it should be operated on as 
small a radius of rotation as possible. There are othe: 
considerations that make a large radius desirable. how- 
ever. In a precision potentiometer a radius as large as 
possible is employed because the overall linearity of the 
device is a direct function of the winding radius. with 
other factors fixed. With commutator switches the ac- 
curacy of sequence switching can be obtained only by 
having the contact tracking on a large radius in order to 


keep dimensional tolerances on commutator segments and 
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Fig. 1—Variety of designs of sliding contacts and their holder- A) Servonics, Inc.: (B) Helipot: 

















( Spectrol Electronics, Carrier Corp 
their locations within practical lirits. lf a switching break-through and resulting short lite is the use of con- 
tolerance ol I deg of are is acceptable. Fig. 3. the tacts having surface contour radii that are too small 
near tolerances on the commutator segment dimension Also. a contact with a small radius is subject to excessive 
ind the locations of the segment and the contact can be wear and frequently intolerable bounce as it strikes the 
twice as great when using the larger contact operating sharp edges of a raised segment in a commutator switch. 
radius Fig. 4. There are distinct limitations on contact radius. 
One of the most common causes of mmmutator surtace however. In switching commutators the accuracy t 
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big. 2—One form of are-suppression circuit for use with cir- Fig. 3—The use of larger tracking radius to permit greater 
cuit make-and-break contacts. dimensional tolerances with the same instrument accuracy 
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Fig. 4—Contact with small radius profile ———<—<— 
(top) may cause arm deflection and bounce iP 
as it strikes edge of conducting segment. 
Larger radius (bottom) prevents this action. ; 
( 
Fig. 5 (right)—Methods of attaching contacts 
to arm. Soldering (A and B); riveting (C): 
and spot welding (D). 
switching often equires that the contact face have 


small radius in order th have a small contact are 
Table t-Recommended Sliding Contact mall radius in ler that it have a smal ntact a 


Material for Wire-Wound Potentiometers * Where high resolution and linearity are desired in pote 
tiometers, the contact area and therefore radius are held 














Potentiometer Recommended to a minimum to prevent shorting more than two turns 
resistance wire contact . . 
= o es Re ed aes Fer ge the winding, 
Nickel-chrome alloys Paliney #7 If a contact is to be used on potentiometer windings 
Very high resistance high the winding material and the overall performance re 
strength alloys Paliney #7 quirements of the instrument will largely determine the 
Copper-nickel alloys (constan- Paliney M; NEY- best contact specifications. Table I presents the re« 
wn wer? One #288 mendations of one manufacturer of both resistance wit 
NEY-ORO G Paliney #7 and contact material, for selection of contact in relation 
Paliney #7 NEY-ORO G to potentiometer winding wire hardness. The desired 
Manganin Paliney #7 annealed potentiometer linearity, resolution and permissible ele 
Hard platinum alloys Paliney #7 trical noise would also be considered in selecting the 
contact. 
Printed circuit commutators are of two types, those 
Table li—Recommended Sliding Contact with conducting segment surfaces raised above the ir 
Material for Slip Rings,* Commutators sulating base material and those in which the conducting 
and Rotating Switch Segments surfaces are flush. At slow to moderate speeds a raised 
Slip ring or commutator Resemmended surface switch is satisfactory unless the accuracy required 
material contact is such that the bounce resulting from the contact strik 
—_——— — — -- _—— ing the edge of the segment can not be tolerated. With a 
NEY #90 alloy NEY-ORO #28, NEY-ORO raised surface commutator the contact arm must be suffi- 
#28 annealed ; ee 
ciently rigid to overcome the bounce effect of the con- 
BEV-ORO s08A HEV-ORO G tact. This rigidity effectively increases contact pressure. 
Coin gold NEY-ORO G : 


which reduces contact life. At high speeds it is preferabl: 


Copper-nickel-rhodium Paliney #7 annealed to use a flush-surface commutator to avoid excessive con- 


*J. M. Ney Co., Hartford, Conn. tact bounce and consequent wear. 
Common conducting surface materials in commutator 
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Fig. 6 


sembly 


switches at present are ¢ opper, silver on copper, rhodiut 
on-ni¢ kel-on-copper, sold and various alloys. Table I] 
For maximum contact life it is necessary that the commu- 
tator tracking surface be smooth from the base materia 
up. The finished surface of the conducting segment is 
only as smooth as the metallic base material; it is impos- 
sible to improve surface finish by plating alone, as plating 
only reproduces the original imperfections in the bas 
material. In order to produce a finish in the order of 4 
micro-inches, which is recommended and relatively easy 
to obtain, it is necessary to machine buff with fine jewel- 
ers rouge all surfaces that are to be plated. 

The nature of the surface of the base insulating mate- 
rial is an important factor often overlooked. In the com- 
mutator switch the insulating base may form a large part 
of the tracking surface, so that its surface hardness and 
abrasive action must be considered. This surface, in the 
case of printed switches, should have physical properties 
as close as possible to those of the conducting surface 
materials. 

Contacts operating in high humidity and corrosive 
atmospheres form surface films. These result in erratically 
varving resistance between the contacts and their tracking 
surfaces. This situation can be overcome to some extent 
by using contact pressures sufficiently high to break 
through the films. Also, with film-forming operating en- 
vironments, corrosion-resistant materials should be fa- 
vored for the contacts and the conducting surfaces. Oper- 
ating exposure to possible contamination by dust or other 
foreign material also justifies the use of higher contact 
pressures. 

The pressure of a contact against the tracking surface 
is a direct determining factor in the life of the contact. 
and should be held to a minimum that will satisfy other 
considerations, which means that some optimum pressure 
will have to be determined. The majority of the manufac- 
turers of wire-wound precision potentiometers recom- 
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Potentiometer using rigid arm and spring-loaded contact as- 


Electronic Components Div., Chicago Aerial Industries, Ine. 


Fig. 7—Maultiple parallel contacts as used in 


switches. (‘“Dipot,” Servonics, Inc. 


nend from 3t ( ims contact pressure or the wi 


ings. This may be higher in high speed systems to over- 


’ 


come high velor electrical noise. Pressure requirements 


in commutator switches are very similar to those 
potentiometers. A Paliney* No. 7 contact with contact 
diameter of 0.010 has been operated successfully on 
a raised surface nutator composed of 0.0013 
copper, 0.005 in. nickel and 0.000010 in. rhodium fo1 
three million revolutions at 90 rpm with 6 grams 

tact pressure. 

The use of a lubricant o1 ymmutator or potenti 


meter winding will reduce friction. extend the useful I fe 






of contacts and reduce electrical noise. One lubricant t! 
has been found to be highly satisfactory is Anderol Ni 
L7947 which has a ter 


ubricants are not cure-alls. because of their having defi- 


perature range ol 65 to 180 F. 


nite limited life 


and also because of the ploughing effect 
of the contact in removing the lubricant from the track- 


ing area. 

Contact Arm Design. The arm has diverse functions, 
all of which must be considered in the total design. Wher 
more than one contact enters the design of a slidi g- 


contact device, the contact arm must have provision fot 
position adjustment of one contact with relation to the 
others, or “phasing.” in addition to offering the required 
rigidity for maintaining each contact in its proper rela- 
tionship on the commutator or potentiometer. Figure 5 
shows some of the common basic means of attaching con- 
tacts. Holding and positioning jigs are normally used to 
facilitate the assembly of the miniature components. One 
solution of the arm-design problem for the single contact 
in a potentiometer is shown in Fig. 6. 
The phasing of contact arms in the holder presents a 
Continued on page 308 
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Electronic \N ALMOST BEWILDERING VARIETY and close regulation and dynamic braking 
range of devices are available for pro- For such applications we have devel 
” . . ° ' 
A-C Adjustable ducing adjustable speed. These devices oped a family of engineered drive- 
might be classified as mechanical. hy- under the trade name VarEPack 
o . . 
Speed Drive draulic 2 elec tric al or elec tronic. even D-C vs A-C Drives. Before W or ld 
though all are powered by elec tri W al II. we. like several other ele trical 
; motors. After long experience with a manufacturers, built drives using the 
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Fig. 1—One-line diagram of basic VarEPack circuit for thyra- Fig. 3—One-line diagram of VarEPack hoist drive using thyra- 
tren control of wound-retor motor. System can utilize a 


variety of regulators, grid-control units and 


meet specific applications. Reversing. 


timed acceleration and deceleration, etc. can 


oe 


» 
Fig. 2 


regulator and ‘(lower curves) with current-lin 
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braking, 


Speed-torque curves of 5-hp drive with general purpose 


speed sensors to 
current 


be added. 


limit. 


Fig. 4 


lowering motor and co-axial magnetically driven \VarEPhan. 


rit feature added. 


tron control of main hoist motor. Smaller resistance-controlled 


motor doubles as lowering motor and speed sen-or,. 





Fifteen-hp hoist drive unit incorporating hoist motor, 

















hig 


Controller for 15-hp hoist drive with 


lor aceces= to regulator components, 
ertain improvements were made in the 
-\stem. The first of these was electron 
excitation ind tachometer teedback 
karl n the war. requirements tor still 
ette ntrel ft speed mpact 
ed Ix inte electro! , er-10 

i control for both armature d field 

he d lriving moto 

Be -e. however. the d to 

' yy nd thvratre hes are ns 

ndamentalls compatible se begat 
estigating other means of attaining 
wide range. closely regulated adyjusta 
ble-speed drives-—as well as increasing 
the horsepower range We sa that 


are-discharge tubes, 


invratrons, or any 


and d-c motors are 


incompatible Tor 
First of all. 


relatively 


several reasons commuta- 


tors are low-voltage devices 


while tubes are relatively high-voltage. 


low-current devices and a compromise 


must be 


struck. Secondly. each must 
be protected from the other: if not, any 
flash-over on the commutator. due per- 


will 
the 


mitting enormous destructive 


voltage 


effects on 


haps to surges, produce 


short-circuit tubes. per 
tube cur- 
rents to flow. Similarly. any misfire or 
of the tubes will cause 


to flow 


must 


dre-over in any 


destructive commutator currents 


Fast-acting anode fuses or relavs 


therefore be used to protect against 


such eventualities. Even during normal 


-tarting. current limit is mandatory 


the field 
current can cause both destructive cur 


Furthermore. loss ot motor 

rents and destructively high speeds if 

field-loss protection Is not provided 
On the 


wound-rotor 


other hand tubes 


gas and 
induction 


The 


arv voltage can be matched to the tube 


motors are 


highly compatible 


motor second- 


voltages and both devices are capable 
large overloads for 


Further, all 


the tubes must pass through the motor 


ot carrving short 


per iods, 


power! reaching 


air-gap. and short-circuit conditions can 
not Neither 
at excessive speeds. Only normal motor 


The 


exist. can the motor drive 


overload protection is required. 
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A) cabinet open to show paralled thyratrons and B 


hat i similar d-c system. During the 
i work on the svstem. mal ‘ 
iIndtions of equipmer! ind ireult 
srrgear I t satu iG reactors 
rund tor motors = thoroughl ¢ 
’ reg and mu Was ound to reco 
end it. Howe -paceé weight. cost 
peoower lactor ind speed of response 
veighed heavily against it. We found 
too that with proper techniques. rot 
power could be returned to the line. | 
concluded that the savings in power 
thus attained did not istify the ext! 


cost and complexity of the 
equipment 

There 
different 


required 


ire in operation today three 


thyratron 
three different grid-control methods. Or 


bask elreuits and 
these, one patent has been granted. sev- 
eral applications are on file. or in pros- 
will be described 

Basic Control Scheme. Figure | <how- 


pect [wo systems 


i single-line diagram of the basic cir- 


ult. Speed sensing can be 


accom- 


plished by an impulse generator. a- 


tachometer. d-c tachometer or 


sensing 


motor secondary voltage or 
The utilize 
amplifiers. vacuum tubes, 


other 


Irequency 
regulator can magnet 
transistors or 


devices. 


depending on the appl 


ition 
When the 
ind the 


the actual 


motor primary Is energized 


relerence setting exceeds 
tube 


secondary 


speed 
motor speed, the gas 
conducts through the motor 
This produces a motor secondary field 
that primary 
field to produce additional torque, hence 


interacts with the motor 


acceleration. As motor comes up t 


=peed, the regulator reduces the tube 


current accordingly. 
Since the secondary voltage and fre- 

quency of the motor vary with slip. the 

thyratrons must operate over wide 


The 


grid control scheme used will depend 


ranges of voltage and frequency. 


somewhat on the application. 





hinged panel tilted forward 


rig ec shows regulatior lata te 
5-hp drive. The lower spee 
es were iken wit! irrent | ite 
reult to Inimize overheating 
ow speeds where ventilation is 
le Motor cooling, incidentally, is 
, shed bv water cooling ¢ 
separate wwers. Instead, a VarEPha 
ternal axial fan driver I ¢ 
eticall »y the motor field (prope 
onal to motor current). provides ] 
rtional cooling 


Hoist Drive Scheme. A unique counter 


shown lr 


Fig. 4 


orque-lowering hoist drive is 


Two 


netors are used. 





one I isting and a m ich smaller 
e for lowering and speed sensing. li 

-maller size drives the lowering m 

is actually less expensive than a good 


The brake is electric: 


the 


tach-generator 


released whenever hoist motor is 


energized. 
For hoisting. the thyratrons condu 
rey 


suthcient for the hoist motor t 


When the mas- 


zero 


current 


naintain desired speed 
er controller is set at 


will 


torque to balance the load. When lower- 


speed thie 
peed i 


noist motor produce just enoug! 


ing is required. hoist motor 


torque is 


further reduced. allowing the load ¢ 


drive the system in the lowering dire 





tion. load is not heavy enough to 
over system friction, even 
zero torque from the hoist motor. a re- 


lav (BR) will 


duce torque in 


lose contactor L 


the lowering motor. As 


he <Vvstem ipproac hes lowering-speed 


setting. L drops out. If 


svstem col! 


the regulator 


ies to accelerate, 


lows the thvratrons to onduct suth- 


hold 
Then. as the 


ciently to the speed within setti 


master is returned to zero 


the hoist otor torque will he Increased 
to ease the system to a smooth stoy 
The motors can then be deenergized 
and the brake will set and hold the 


<vsten in position 


k igure 5 


-np hoist 


shows the ontroller tor the 


Fig. 4. All com- 


ponents are mounted on a hinged pa 


drive oft 
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TTT i 


for easy servicing. No _ transistor. 
vacuum tubes or magnetic amplifiers 
are used in this particular unit. Thyra- 
trons are paralleled so that tube failure 
does not render the system inoperative 
The motor of Fig. 4 is equipped with a 
VarEPhan to provide cooling of the 


mal t 


otor even at zero speed 


Magnetic Amplifiers 
For Digital Computers 


E. W. HOGUI 
Data Processing Systems Laboratory 
NATIONAL BUREAU OF STANDARDS 


Washington 25, D. ¢ 
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Improved repeate higher re 


with 


150 





sults 


indicate 


that 


these 





amplifier 


stages are particularly suited for use 
with diode gating to provide the ANp, 
or, and Not logicai functions required 
by digital computers. 

diode gating is one 
of the most satisfactory ways of realiz- 


Semiconductor 


ng the logical functions of a high-speed 
digital computer. This type of gating is 


economical in 


components, straightfor- 


ward in concept, flexible and depend- 
ible. However, because signal power is 


ost in transmission throught the 


gates. 
is necessary to insert amplifiers at 
ntervals within the 


gating structure to 


egenerate the signal. Such amplifiers 


ust fulfill four conditions: (1) they 
: } 1 
st be compatible with diode g v 
< ist \ power gain ’ 
} 
¢ ist De possibility of reverse 
Ss ss sig | ind } the 
< it ste hn terist tha 
l ens stable cul ot b 
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Complete repeater stage with 


sists essentially of a transformer having 
a toroidal core of rectangular loop mate- 
rial, driven by an a-c source. This basic 
circuit is shown in Fig. 1. The power 
source has an amplitude e; and a wave 
form approximating either a square or 
sine wave. The convention is adopted 


that the positive half-cycle of e; puts 


“1” state. During 
this positive half-cycle of ey the core is 
said to 


the core in the binary 


“receive” information. The nega 


tive half-wave returns the core to its 
binary “O” state. At this time the core 
“transmits” the signal it has previously 
received. The voltage ¢ ippearing 
icross the output winding during thi 


transmit half-cvele is the 





of the transformer. The voltage appear 
g across this same w gy during 
é ving half , f sig 
I ince ind has neglig t 
a | | g stage 
K poss ble the j ‘ 
- tis t< yt ' 1 ec 








R.. a pull 


positive 


ip resistor con iected to 


voltage B to provide a co 


current pull-up; (2) 
diode dD . the cloc k diode: (3 


an alternating voltage source or clock 


stant semicon- 


ductor 


gnal: and (4) D.. the input diode. A 
switch S provides for the manual intro- 
duction of l’s or 0's to the stage. R. is 
large compared with the input imped- 


ind B 


e to ground from point J, 
ade large enough to provide 1 con- 
. irrent sufficiently greater tl 
keep D. conducting, even on the 
pros tive exe ITsIo! ot the clock 


‘ l / g r g 
During 
| S é 
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| 
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Fig. 4) is g 
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[ i R v re 9 
R i 
Complementer. = 
] 
R.’, but its reset puls 
fr point P. Wh stage 
smits O's, its output winding is 
1 short cl lif Theref € ) 
e excurs clock X carries / 
wit t be ise of the low 
nee of the output winding ar 
VW. Diode N is open during this 
terval. Current from X resets core B 
gh series resistor R.. Negligible 
irrent passes through R.’ because of 
the positive excursion of clock Y which 


hase with X. On the negative 


or transmit half-cycle 
V clamps P 


opens. 


at the level 
In this way a reset pulse is pro 


for core / 
Bb 


>, diode in input repeater wed by 
and M The 


lified sig- 


output in cascade. 


itput stage provides an amp 


stages 
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Incorporated in the Rese Engineer 
___DESIGN TRENDS Automatic ing Model 4012 automatic memory- 
core handler is a basically new ap- 


SS ee ee ee a Memory-Core Handler proach to the problem in which the 


handler roins forces with the core and 
coercivity permanent magnet territe f 


: makes use of the core’s physical re- 
magnetized perpendi ularly to its aXis Uses Magnetic Feed sponse to a magnetis field Advantage 


(see sketch) along the length of the s taken of the core’s properties in both 


rod. The armature is supported in the RICHARD O. ENDRES the pick-up phase. ee the core :s 
gap of a horseshoe-shaped Mumetal Chief Engineer loaded onto a test pin. and in the pick 
core by neoprene bearings and rotates Rese Encineerine, Ine, off phase. where the core is removed 
in response to transverse vibrations of Philadelphia 6, Pa. 


from the test pin and dropped into one 
a cantilever stylus to induce a corre 


ot five grading bottles A prin pal a 
~ponding alternating voltage in the sta- MIANY DESIGN APPROACHES have been eelaeih i  Mnte, achat: «ha tek cals 
tionary pickoff coil Performance idvanced in recent vears for methods ce Sol Ear i sil 
claimed is frequency responses within of automatically feeding miniature ee siiik Ginseabians g 
> db from 10 to 20.000 cycles. lateral nemory cores through testing stations Fen Mines teamdlne tn ahawen i 
compliance greater than 5 x 10° em The problem is magnified by the ex- |. It incorporates a reservoir fot 
dyne. dynamic mass at stylus tip of 2.8 tremely small size of the cores. which ssn ‘imate. aiheemted Temmtie ak Sen 
mg vertical tracking force 5 or. outp it may Mave outside diameters is small panel in mediatels elow the load 9 
> mv cm/ se Unit is designed to ix O.Ud0 In ind the necessity tor high funnel. four test. pins. mounted o . 
retail at $29 speed testing of large numbers of them irms of a tatin spide i set « es 

ontacts hw KWwise trom the tunnel 1 
‘ pick tf stations 0 t g i v 
¥ | ~Us } t j 





- 
Ln a = 
asa AE Ul sa innit 
} 
| 
D-c magnetizing 
urrent 
big. 2 Schematic of magnetic teed 
mechanism: field of “C™ magnet lines up 
; cores in vibrating reservoir; one core 
Fig. 1—Automatie core handler for testing and sorting tiny magnetic memory cores at a time is attracted through tiny -lit 


at a rate of 3600 per hr. by external pole piece 





A B 


Fig. 3-—Core-feeding cycle: 


; test pin on probe picks up core held by magnet, carries it past brush (to insure that core is pushed 
well back on pin) to test contacts (shown at rear of A). 
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REGULATION 
rit 
SOP RE 


(TUBELESS) 


SSA 


SHORT CIRCUIT PROTECTED 


-§ VOLTAGE REGULATED 
POWER SUPPLIES 


| OUTPUT] OUTPUT! OUTPUT 
VOLTS | AMPERES |IMPEDANCE 


oc 


MODEL 


SC-18-0.5 18 

SC-18-1. 8 | 0-1 |.02 | 4 

SC-18-2 ig | o2 |.01 | . | 4¥"|1356"| 295.00 
sc-184 | 0-18 | 04 {4 |3¥2"|13"_| 395.00 
sc-36-02 | 036 | 002|.1 fa 44e"| ‘[1356°| 275.00 
SC-1836-0.5| 18-36 | Te BYe"| 4¥6" | 1356"| 2 
C-1836-1 | 18-36 | | 8%4"| 4¥ 
SC-1836-2 _| 18-36 | _ 


eee 


0-1 
0-1 





| 295. 00 














4 

2 {er | 3% 
SC- 3672-0.5} 36-72 | [as fio 

it. 


T 
SC-3672-1 36-72} 0-1 | 19° ~ | 395. 00 





Patent Pending 


A 0.01% SERIES IS AVAILABLE IN 13 NEW MODELS 


KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED 
POWER SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TUBE 
AND TRANSISTOR TYPES. MOST MODELS AVAILABLE FROM STOCK. 

SEND FOR BROCHURE B-585 


KEPCO 


LABORATORIES, INC. 
131-38 SANFORD AVENUE + FLUSHING 55, N.Y 
INDEPENDENCE 1-7000 
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REGULATION (for line or load) 0.1% 
(whichever is greater) 


RIPPLE: 1 mv. rms 
RECOVERY TIME 50 micros 
STABILITY (for 8 hours) 0.19 
(whichever is greater) 


TEMPERATURE COEFFICIENT 0.05% per °C. Am- 
bient operating temperature 50°C maximum. Over- 
temperature protection included. Unit turns off when 
over-temperature occurs. 


SHORT CIRCUIT PROTECTION: NO FUSES CIRCUIT 
BREAKERS OR RELAYS! Designed to operate con- 


or 0.003 Volts 


econds 
6 or 0.003 Volts 


tinuously into a short circuit. Returns instantly to 
operating voltage when overload is removed. Ideal for 
lighting lamps an nd charging capacitive loads. 


@ OVER CURRENT CONTROL can be set from 0 to 


120% of full loa 

REMOTE PROGRAMMING at 1000 ohms per volt. 
REMOTE ERROR SIGNAL SENSING to maintain 
stated regulation directly at load. 

Suitable for square wave pulsed loading 
Continuously variable output voltage without 
switching. 

Either positive or negative can be grounded 

Units can be series connected. 

Power requirements: 105-125 volts, 50-65 cycles 
400 cycle units available. 

Terminations on front and rear of unit 

High efficiency. Low heat dissipation. 

Compact, light weight for bench or rack use 

Color: grey hammertone 

ORDERING INFORMATION: 

Units without meters use model nu umbers indicated in 
table. To include meters add M to the Model No. (e.g 
SC-18-1-M) and add $30.00 to price. 

*Rack adapter for mounting any two 8%” x 44%” units i 
available. Model No. RA2 is 54%4”h x 19”w,is $15. 00 
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spider. Motor, clutch and brake mech- 
anisms are located beneath the top 
panel. 

The mechanism by which cores are 
fed to the test pins is shown in Fig. 2. 
Untested cores are stored in a gently 
vibrating reservoir immediately beneat} 
the top panel, and a magnetic field is 
applied axially through the vibrator by 
the “C” magnet which is energized by 
relatively long d-c current pulses. As 
shown in this cross section schematic, 
the magnetic cores tend to line up in 
tangential chains along lines of force 
trying to form a least reluctance path 
between pole pieces. Vibration of the 
reservoir tends to keep the cores from 
clotting or jamming under the influence 
of the field. 

Thus. the top core of the chain 
probes for an escape flue on the top 
panel. The flue is rectangular, and just 
large enough to permit one core at 
time to pass through it edgewise. Once 
the core has emerged from the flue it 
seats itself on the shoe of the mag- 
netic pole piece, where it is in position 
to be threaded by one of the test pins 
on the spider which is rotating in the 
horizontal plane 

The threading action is shown in the 
sequential series of three photographs 
(Fig. 3). In A the test pin is approach- 
ing the core which has emerged fron 
the escape flue and seated itself on the 
pole piece shoe; in B the core window 
is being threaded bv the moving test 
pin; in C the threaded core is beit 
carried toward the test contacts. and 
succeeding core has popped throug 


the flue and seated itself on the shoe 
ready to be picked up on the next test 
evele. 

In Fig. 1. it ean be seen that on 
test pin is sitting in the contacts. One 
set of contacts applies the programmed 
magnetizing pulses to the core and the 
second set pre ks up the induce d voltag 
output from the core. Fig. 4. 

Once the core has been tested. 
advance signal is sent to the handler 
causing it to advance another 90 deg 
During this interval another core is 
picked up and brought into the test 
contacts, and the pin-carrying core 
which has just been tested passes 
through the air gaps of the magneti: 
structures of the first three pick-off 
stations. One station. preselected by 
the results of the test information, is 
energized. causing the core to be pulled 
from the pin as it passes that point 
dropping it through a hole in the top 
panel and into a tested core reservoir 
below. If the core is graded as “4” or 
“5.” a memory eireuit causes one of 
these two pick-off stations to be ener- 
gized on the succeeding test cycle. 

Using this magnetic field principle 


_—— —- — Current -_ = 


\Core (eo nput LU 
— 41 
( “A ——~ 
————_, 
eat } re voltace _<\ 
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big. 4—Contact arrangement: test pin 
serves as a common primary drive wind- 
ing and a secondary sense winding. 


‘ether with transistor circuitry tor 
ming and control of the handler 
mechanism, the present Model 4012 
Rese core handler can feed cores at 


ate in excess of 3600 per hi 


Design Simplicity 
Achieved in 
Portable Washer 


In designing their new portable washer 
engineers at AMI Incorporated had to 
solve many problems to make their 
ichine portable, sale easily mair 
ned. and, at the same time, efficient 
enough to perform a useful functior 
\s a consequence they have produced 
t weighing 9 lb and standing 14 

in. high. It is completely waterproof, 
s approved by the Underwriters’ Lab- 
oratories, and all moving parts (except 
those inside the sealed motor) may be 
readily removed and replaced. It will 


<0 accordin to e company s hon 





Fig. 2 





economists 


To do its 


portable washer weighs 
14 in. high. Placed in 
tub, it will wash 4 Ib of 
10 minutes 
satisfactorily wa- j y of 
10 minutes 
job the portable wast 


Except for completely sealed motor and hardware. the washer is made en- 


tirely of molded plastics. Simplicity of design makes for trouble-free operation and 


easy maintenance. 
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GUARDIAN 
Series 1005 RELAY 


micro-miniature 


Ideal for Industrial and Military Applications 


@ Meets or surpasses requirements for all specifications of 


MIL-R-25018 and MIL-R-5757-C 
\ @ LOW LEVEL: How low are your requirements? 


\ @ Contact Rating: 3 AMPERES at 125° c. per MIL-R-25018 
eo, \ 2 AMPERES at 125° c. per MIL-R-25018 
sp ots Pa | and MIL-R-5757-C. No Exceptions. 


@ Certified Test Reports furnished on request. 


Unite for circular giving complete specifications 


GUARDIAN W ELECTRIC 


MANUFACTURING SUM PT AN YF 
1627-F W. WALNUT STREET ‘Everything Under Control’ CHICAGO 12, ILLINOIS 
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no higher than the maximum wate! 
mark (see Fig. 1). Rubber suction cups 
on the bottom of the washer hold it 
securely to the container. Through a 
double action, the washer circulates the 
water and at the same time agitates the 
articles being washed. The water cir- 
culation is achieved by a fan in the 
base assembly (Fig. 2) which pulls the 
water down through the nylon lattice- 
work pieces and throws it out radially 
along the bottom of the container. At 
the same time the lattice 


up-and-down 


pier es are 
driven in an 
agitate the 


motion to 
washing as it is pulled in 
toward the machine by the water circu 
lation. 

The light weight of the machine is 
ichieved by the almost 
of molded plastics parts Since the 
motor does no work but circulate the 


universal use 


water, it is a minimum size: 46 hp. 
The motor is completely sealed and was 
developed by Ele trie tor a 


~imilar application, involving the pump 


Genera! 


ing of gas. in which the motor was com 
pletely immersed. 

\n interesting feature of the washer 
destyn is the shaft molded of 
nylon with helical grooves for translat- 


drive 


ing the rotary motion to linear motion 
to drive the lattice. The lattice pieces 
are held together around the machine 
by the spring-like action of their own 
slasticity and may be ,; ried apart with 
thread be- 
omes wrapped around the shaft. 


2 coin in case a string or 


Surge Limiter 
Saves Tubes 


[UBE DETERIORATION in 


intermittently 
result of high 
initial heater current caused by the low 
cold resistance of the filaments. Another 
effect of a cold start is cathode stripping 


used equipment is the 


caused by the application of plate volt 


ige before the cathode emission is up 


+ 


to normal. 

illustrated com- 
bines the functions of a time-delay relay 
ind a current-limiting resistance to re- 


The unique device 


duce destructive inrush current when 
equipment is first turned on. The Sur- 
gistor, as it is called by its maker, the 
Wuerth Detroit 4. 
consists of a resistor, R. in parallel 
normally switch 


Tube-Saver Corp.. 


“ ith a 


open bimetal 


and is designed to be inserted in one 
leg of the incoming power source for 
the equipment. 

When the equipment is first turned 
on, the resistance limits the initial cur- 
rent. As the tubes heat up and the fila- 


ment resistamce increases, the voltage 
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drop across the equipment rises until 
it has reached about 60 per cent of 
normal. At this time. heat from the cur- 
rent-limiting resistor R actuates the 
bimetal switch which will remain closed 
on the heat developed by the full line 


h othe bimetal 


equipment is turned 


current flowing throug 
blade. When the 
off. the 


occur when the contacts open 


blade opens No arcing can 
as there 


is no current flowing 


Transparent Window 
for Electrical 
Circuit Breaker 


Tut FIRST ELECTRICAL CIRCUIT BREAKER 
in which the contacts are « learly visible 
has just been introduced by Westing- 
Electric Standard 
Control Division. Beaver. Pennsylvania 
Named the Saf-T-Vue. the breaker ha- 


i removable transparent cover through 


house Corporation, 


which one may see at a glance whether 
the contacts are open or closed. allow 
ing trouble to be spotted instantly. 
[The cover is molded of American 
Cyanamid Company’s CYMAC (R) 201 
methylstvrene 


acrvlonitrile copolymer 





Electrical 
house Electric 


circuit breaker by Westing- 
Corporation with trans- 
parent of American Cyanamid 


Company's Cymac plastic. 


window 


plastic, selected because it provides the 
necessary transparency, heat and break 
resistance, and surface hardness at 
comparatively low cost. Any darkening 
of the window indicates a serious short 
circuit. The windows may be replaced 


easily and inexpensively 


Epoxy Embedment 
Provides 
Vibration Protection 





Small transformer embedded in a single- 


component com- 
I ab- 
Regula- 
tor Company. Embedment has a particu- 


lar function in 


foam-in-place epoxy 
pound developed by the Plastics 
oratory, MinneapolisHoneywell 
providing protection 
against vibration 


Aluminum Extrusion 
Solves Electrical 
Design Problem 


THE USE OF AN ALUMINUM EXTRUDED 
CASE for small portable radios was first 
conceived by the General Electric Com- 
pany on its P-765 all-transistor radio. 
This design consideration actually came 
about through trying to solve a_ prob- 
lem seemingly unrelated to materials 
of construction or processes ot fabrica- 
tion. The problem involved in the orig- 
inal design of this small radio was 
shielding the antenna 
from the chassis to prevent feedback of 


the amplified signal which would cut 


simply one of 


down sensitivity of the equipment. 

To solve this problem a_ two-piece 
clamshell spring 
hinged on one side, and fabricated from 


case of the type, 
stamped steel was proposed. However. 
no matter how good a closure was made 
between the halves, there was no con- 
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IT PAYS TQ STANDARDIZE ON STANSCREW 





Stanscrew service cuts rejects, 
speeds assembly for valve manufacturer 


A prominent manufacturer of 4-way valves for 
freon was having trouble on his assembly line. 
His fasteners, tightened to an extreme degree 
to prevent seepage of the gas, were breaking on 
too many occasions. 
in assembly and 


This meant complications 
high reject rate—which in- 
creased production costs substantially. 

One of Stanscrew’s fastener specialists, called 
in by a Stanscrew distributor, quickly found 
the answer. He recommended a standard cap 
screw and had staff engineers work out the 
precise torque which should be applied to in- 
sure a complete seal at all gaskets, yet eliminate 
any possibility of fastener breakage. By follow- 


STANSCREW 


CHICAGO 
HMS 





WESTERN 


STANDARD SCREW COMPANY 


ing these recommendations, the manufacturer 
has eliminated the problem of fastener breakage, 
and substantially reduced his reject rate. 
Stanscrew offers over 4,000 standard 
including a complete selection of socket 
set, and cap screws. All are produced unde 
rigid quality control methods and incorporate 
the lessons learned during 85 years of fastener 
manufacture. All 4,000 are always in stock and 
quickly available 
For the answer to your fastener problem, call 
your Stanscrew distributor. He will have a Stan- 
screw fastener specialist promptly study your 
operation and make specific recommendations. 


Tastener) 


FASTENERS 


2701 Washington Boulevard, Bellwood, Illinois 
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tinuously conductive circuit which 
would solve the problem at hand 

The obvious solution was what could 
be called. in effect. a simple form of a 
metallic pipe. It was then decided to 
try aluminum rather than steel. espe 
cially since there would he an accom 
panying saving of weight and the added 
feature of flexibility of design. Once 
this decision was made it was easier to 
suggest the radical idea of an aluminum 
extrusion into which the chassis and 
antenna housing could be channeled. 
sealing the ends with specially designed 
end-caps. One further design considera 
tion suggested use of a highly serrated 
surface to avoid die marks common to 
many extruded flat surfaces 

Che main problem now lay in fabrica 
tion. This was the almost impossible 
task of controlling and holding dimen 
sions during fabrication. The solutior 


was that. rather than hold to original 


Short Run 
Drilling Machine 
for Etched 
Circuit Boards 


JOHN MOSCA, Production Engineer 
STAVID ENGINEERING. INE. 


Plainfield, N. J 


ACCURACY AND SPEED at low cost for 
experimental printed circuits and short 
run production are provided by the 
drilling setup illustrated in Fig. 1. An 
air-operated forward stroke drill is 
mounted underneath a standard work 
bench with the drill point coming up 
through a hole to the working surface 
of the bench. The drill is controlled by 
a loot-operated valve. leaving the oper 
ator’s hands free to position the board 
\n adjustable spring-loaded stylus is 
mounted on the top surface of the 
bench centrally in line with the drill 
axis as shown in Fig. 2. The end of the 
stylus is machined to the diameter of 
the tie points on the printed circuit 
where holes are to be drilled 

In operation, the printed circuit cai 
be accurately and rapidly positioned 
under the stylus for drilling through 
the board. 
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General Electric P-765 all-transistor radio with extruded aluminum case -upplied 


by Park Nameplate Co. Inc 


dimensions and tolerances, it would be ere combined with a proportionate 
easier to modify and adjust the final expensive manufacturing process and 
design within the limitations imposed hoice of materials to engineer the 
by the extrusion process In this way ~olution to a difheult electrical desig 
flexibility. of design and = preductio probler 

sccaeiatiael L : i 
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Fig. 1—Drilling eyelet and terminal holes 


Tr 
in printed cireuit boards. i} 
Fig. 2--Air drill and hole indexing set- gS 
up for drilling experimental and other 
small production quantities of printed o 


circuit boards. 





@ Low Current Density 

@ Low Cost 

®@ High Efficiency 

@ Axial Leads (J-1 Series) 

@ Stud Mounting (J-2 Series) 


4 ee 


RECTIFIER DIVISION 





J-2 (ACTUAL SIZE) 


Another result of continuous PROGRESSIVE research and develop- 
ment at Tarzian’s, the J series Silicon Rectifiers offer a wide range of 
ratings. Small size and low, low cost allow the use of this series in even 
the most competitive applications. Let competent Tarzian power 
conversion engineers consider your application or send for additional 
information. 


SPECIFICATIONS 
; J Electrical Ratings _ Ja Electrical Ratings _ 


7" = _- nn eee eee 
Current Ratings—Amperes Mor Current Ratings—Amperes 
x oe te a Peck |Mex.| | | Mex. | 
Mox ' . Mex 0. C|Recurrent Surge 
S J ST linwer 
leod | . erse| RMS lood Peck 4MS x 
700 ¢ | Type} Veits _Veits! G00 € 1 100 © 7 100 
aston heneenes anemones ncaa eeeasenennseaa 
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In Canada: 700 Weston Rd., Toronto 9, Tel. Rogers 2-7535 + Export: Ad Auriema, Inc., New York City 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 


New 
Components 


ana Materials 


1 staff comptlatior of the latest developments . . . screened 
design-in use in electrically operated end products 


with all released specifications and available application data. 


SOLID TANTALUM 
ELECTROLYTIC CAPACITORS 


Pan-Tl-« ip capacitors 


1 19 ratings 


Type GS DPD 


Some ve i 
volts and 100 yf 
within 10 per cent « 
X to 85 ( ind 
tolerances WZ. 4 

Cylindrical case witho 
lip measures only 
for smallest 
for largest 

Capacitors constructed of solid peil 
of pressed and sintered tantalum po 
der with integral wire lead. Dielectri: 
formed by tantalum-derived coating de 
posited electrochemicalls on pe llet 
which is solidly embedded to withstand 
high and low frequency vibrations and 
high impact. Texas Instruments. Inc., 
Box 312. Dallas. Tex >501 


160 


complete 


MICRO-MINIATURE RELAY 


coil. 4 millisec nom.: release time, 2.5 
millisee nom. General lectric 
Schenectady 5. N.Y >502 


WIRE-WOUND 
POTENTIOMETER PROVIDES 
INFINITE RESOLUTION 


pote 


infinite resolution 
problen 
ectrical and me 
ra-small potention 


ible-walled 


SILICON POWER RECTIFIER 


| 
U4 


temperature of 190 ¢ wit! 
table change oft characteristics ¢ 
teverse leakage is 

ma at rated peak inverse 
max temperature 

Rectifier case is positive (cathode) 
terminal and is plated to maintain low- 
contact resistance. A ‘4¢-in. threaded 


ELECTRICAL MANUFACTURING 





How 

to cut aa 
winding 

costs 


New versatile Leesona’ Cross Winder increases production and 
lowers costs through reduced handling and winding time 


Quality coils 


lhe versatilits 
\\ y 
ss W 


Reduces Handling Time 
Exclusive, optior 


Cross Wir B 








UNIVERSAL WINDING COMPANY 


Sales Representatives: 
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Solve Your 


HOT PROBLEMS 


with 


VULCAN 
VERSATILITY 


ay Wt 


Vulcan Electric Strip Heaters are 
especially designed for contact heat- 
ing of dies, platens, molds, or any 
items with fict surfaces to which ele- 





ments may be clamped; also as air 
heating source for ovens, air ducts, 
dryers, etc. 

You have ca wide choice of stand- 
ard seamless one-piece sheoths — 
steel for sheath temperature to 750°F, 


Chromalloy for sheath temperatures to 
1200°F; lengths — 8° to 42%" 
(or longer); wattage — 150 to 1500 
watts (or higher); rugged non-oxidiz- 
ing terminal posts 

When your hot problems call for 
unusuol specifications, you get a speedy 





solution through Vulcan Versatility in 
engineering and production. Standard 
or special — Vulcan is ready to supply 
your complete needs in low-cost, effi- 
cient heoting units — strip, cartridge, 
tubular, immersion, finned, band, and 
ring heaters. Send coupon for catalog 
| and prices 





ELECTRIC COMPANY 
DANVERS 30, MASS. 


Cartridge + Strip + 





Heaters 





VULCAN ELECTRIC COMPANY 
Danvers 2, Mass 
Plecse send catalo ond price information 


a 
S 

on Vulcan Electric Hea 

nterested in (check 


ters. | om especially 


Strip Tubular 
Immersion Finned 
Cartridge Other 


NAME & TITLE 
COMPANY 
STREET & NO 


CITY & STATE 
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stud on case permits mounting in any 
Westinghouse Electris 
Pittsburgh 30. Pa >504 


position 
Box 2099 


Corp 


ALL-GLASS TRANSISTOR 
ENCLOSURE 


Production at 2-piece transistor Cast 


Was made possible by de velopment ‘ 


lose control electric sealing proces- 
Base ind envelope are hermeticall 
=>. 
! ! 
. 


| 





sealed i LOO ¢ Ww! empe! 

ear semiconductor, less than \ 

‘ - kep vwelow L150 ¢ Sealing 
done pproximate] LO x 

doth base { envelope of 200 n 
strong. valled, precision glass tul 
ny high purity. Curre producth 
| ed t 200 a j rele ne fo 


THIN CADMIUM STRIP AND 
FOIL 


Phicknesses as low as 0.0005 i: 
Ow i commer productior De 
signed for following applications: i 
nucleonics—-for neutron shields ar 
ther ipyplic ations where high neutror 
ibserption properties are isetul 


nium supplied ts 4995 per cent 
pure. min. Precision-rolled to widths 
from 4 to 6 in n thicknesses fron 


0.300 to 0.0005 in. to tolerances as 


close as 0.0001 in. American Silver 


I lushing 
>506 


Co. Ine 16-07 Prince St.. 


b4. N. ¥ 


AIR-GAP LIMIT SWITCH 


Designed for mill duty applications 
impact and shock cause 
mechanical limit break 


switch operates on principle ot 


where heavy 
switches to 
down 
i resonant circuit 

Consists of three parts: magnet 
vane. which Is ittached to moving por 
tron of machine reactor unit. mounted 


ol stationary 


portion ot machine 


ener tae a 


> 





loses reult 
\etion I net ile v4 
eactor actuate el Hig ens 
er Ge ait } ‘ tio? ' 
= with eack 
ne iffecte ltage , 
ip te () ye t lect ( ! 
& Mig. ¢ 1) f Square D ¢ 1500 
lee R ( () > 7 


DOUBLE REDUCTION WORM 
AND PLANETARY 
GEARMOTOR 





double-wort init 


rated for 1216 in.-lb output 


kor servicing. moto ind worn ~| 
ire joined by a tang coupling to fas 
tate assembly and disassembly withou 


disturbing gears or driven mechanisn 


Planet cage and output shaft are sin 


- pif 
piece and planets turn oF needle hve 
ings. Units available in foot or ring 
mounted trames through | hp. 38 


through 3 rpm 


Electra Motors Ine 
1110 Lemon St | 


Anaheim. Calit > 


HIGH TEMPERATURE 
CERAMIC-TO-METAL SEALS 


Process similar to that used for maki 
high-temperature ceramic-to-metal -+ 
assemb] es forms. sé ils between ~\ 
thetic sapphire and metal parts. Thu- 
ivailable te 


window assemblies ire 


high-temperature, high-vacuum ipplica 
tions 

Sapphire parts in the form of dise- 
ip to > in. diam and ; In. thick ind 


tubes upto ts in diat ? in. long 











prompt delivery and 








SOLID-ELECTROLYTE 


CAPACITORS 






Sprague, the pioneer in the production of 
solid-electrolyte tantalum electrolytic capac- 
itors, now offers prompt delivery on produc- 
tion quantities of all standard ratings. New 
expanded facilities end production delays in 
your assembly of minified transistor circuits. 

Typical of these Tantalex Capacitors is the 
Type 150D shown above. Its tiny sintered 
anode is impregnated with a solid, non- 
corrosive, semi-conductor material which can- 
not leak under any circumstance. It combines 
true miniaturization with electrical stability 
previously unobtainable in an electrolytic 
capacitor of any type. 

Thermal coefficient of these capacitors is 
sufficiently low and linear so that for the first 
time a Circuit designer can think of an electro- 
lytic in terms of parts per million capacitance 
change. Nominal value is + 500 ppm/ °C. The 


DON’T FORGET! — Sprague also offers prompt 
delivery on all other types of tantalum capacitors 
including tubular foil and sintered anode designs. 


size) is rated at 4.7 LF, 
d-c, and is only '' 


by " long 


Capacitor may be used without derating over 
a range from + 85°C to as low as -80°C, a 
temperature at which no other electrolytic has 
proved useful. 

Solid construction permits the Type 150D 
to withstand the severe shock and vibration 
encountered in missile and ballistic applica- 
tions. Hermetic sealing makes it completely 
immune to humid atmospheric conditions. 

Complete performance data covering the 
wide range of sizes and ratings are in Engi- 
neering Bulletin 3520B, available on letter- 
head request to the Technical Literature Sec- 
tion, Sprague Electric Company, 307 Marshall 
Street, North Adams, Massachusetts. 

i: 2S 

Sprague, on request, will provide you with 
complete application engineering service in 
the use of Tantalex Capacitors. 


complete ratings from SPRAGUE 


fhis solid-electrolyte Tantalex 


Capacitor (shown 1'4 times actual 


10 volts 


in diameter 


SPRAGUE 


the mark of reliability 
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Process Air Heating? 
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Your Chromalox Man 
has the ANSWER... 


When you need: 

¢ clean, moisture-free heat 

e precisely controlled temperatures 

® additional heat to supplement 
existing equipment 

e safe, explosion-proof heat 


For finish baking, heat-treating 
ovens annealing ovens, core and 
armature drying ovens . hundreds 
of similar applications. Operating 
temperatures to 1000 F. maintained 
by thermostat control. Standard 
units quickly installed in existing 
ducts . multiple circuits can be 
supplied for modulating heat out- 
put. Call your Chromalox 
tative or write today for details 


CHROMALOX Electric Heat 


gto, Edwin L. Wiegand Company 


re prese n- 


7 T 
Pittsburgh 8, Pa 
“A 
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bore of ; in. have been sealed to 
tubular-type metal members of kovar 
ickel-iron, and platinum. Silver-coppet 


razing alloy forms assemblies capable 


f installation by soldering. brazing 
welding techniques without bond 
(pple itmons nelude wave-cuide 
lows f dar equip : hig 
perature windows tf high-s 1 
pparatus: ultra-violet studies in 
I go le (Ceramasea | 
New ( Ny; 3 >509 


TRANSISTORIZED DECADE 
COUNTER 


IMPULSE LATCHING RELAY 
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COAXIAL CAPACITOR 





News! 


lubing and Rod now available. 


PYROCERAM 


brand 








a bulletin of practical new ideas from Corning 
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CORNING GLASS WORKS, so-s Crystal Street, Corning, New York | 


1 
| Please send me the following cteric a Prog s Report No. 2 Ba Z-1 aaleainin | 

| with Glass for Industrial, Commercic nd Co m App [] B-8 n 
| facture and Design of Comme G iii 0 Cie 0 “ ss | 
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CHOOSE FROM 


INSULATION 


PRESSITE 
For Air... Oi... 
Askarel Transformers 


An absorbent, unsized 
board of 100% virgin kraft 
stock free of metallic par- 
ticles. Excellent dielectric, 
physical and chemica! 
properties. Available in 
natural kraft color. 


ELECTRITE 
Harder Board for 
YF mm ue sy 


A high grade board treated 
with natural rosin size for 
moisture resistance. High 
tensile strength. Punches 
clean. Available in brown 
or black colors. 


DENSITE 
Extremely 
Hard Board 





Also treated with rosin 
size. Used by many man- 
ufactprers to replace 
more costly types of insu- 
lation. Natural kraft color. 


100% VIRGIN 

KRAFT STOCK GIVES 
HIGH DIELECTRIC 
QUALITY 


These three grades of West Virginia 


I ibreboard are ay ailable ina range 


of thicknesses (.031" to .250" for 
PRESSITE and ELECTRITE, .031" 
to .125" for DENSITE). For more 


mlormation, write to: 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department 
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POTTED SILICON RECTIFIER 
CIRCUITS 
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SINUSOIDAL A-C REFERENCE 
SIGNAL 
The 14 


‘ 
i-c rete 


oz Referac provides a sinusoida 


rence il source lor airbo 


sign 
ind shipboard applications. Its 
constant signal does not have to be 
feedback-matched against a d-c refer 


ence level. Requires no active elements 

















a LOT of Relay 


ina 
little space 


This latest Automatic Electric achievement com- 
pacts all the features of the famous Class “B” relay 
in minimum space and weight—with no sacrifice of 
quality or ruggedness. 

LOOK AT THE IMPORTANT FEATURES 
THIS NEW CLASS “E" OFFERS: 


miniaturized; telephone-style base mounting for rear- 
connected wiring # heavy-thickness armature arms 
prevent loss of stroke with large pileups @ heavy-duty 
backstop that won't break or wear out e adequate termina] 
clearances for easy wiring @ long-life, lubricant-retaining 
bearing arranged to provide a visual check of the heel- 
piece airline setting without disturbing the adjustment 

twin contacts standard; all springs bifurcated for maxi- 
mum independence e sturdy, strain-relieved heelpiece 
insures stability of adjustment 


Class"‘E'' Relays are availabie 
in the following series: 
EQA—Quick Acting ESA—Siow Acting* 
ESO—Slow Operate EFA—Alternating Current 
ESR—Siow Release EMS—Snap Action Contacts 
* Ww perate and slow release 
Class '‘‘E'’ Relays can be supplied plug-mounted 
(with or without cover) or hermetically sealed (max- 
imum 4 springs per pileup) in enclosure AE-3300. 


For more information, call or write Automatic 
Electric Sales Corporation, Northlake, Illinois. Jn 
Canada: Automatic Electric Sales (Canada) Ltd., 
Toronto. Offices in principal cities. 
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; 
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— 


99% pure isn't pure enough —the relay iron we use at Automatic 
Electric must meet specifications of 99.8% purity, including, for 
example, carbon content limit of .02. To obtain highest magnetic 
permeability, material is treated for periods up to 7 hours in roller 
hearth annealing furnaces. Highest standards of quality control insure 
the well-known dependability of AE Relays and Switches. 


AUTOMATIC ELECTRIC © 


Northlake, Illinois 


Subsidiary of GENERAL TELEPHONE 
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New! 
~ MINIATURE 


TIMERS 


of Field-Proved 
. PERFORMANCE 
by 


HAYDON* 


at 
TORRINGTON 


fo1-11 16° 


al 


ELAPSED TIME 
INDICATOR TIMING MOTOR 


FOR 115 VOLT, 400 CYCLE OPERATION 


First to develop a truly miniature elapsed time indicator 
HAYDON at Torrington now offers this varied line of min 
iature, hermetically sealed, timing devices all tested 
and proved in the field in missile guidance and jet aircraft 
applications 

Basis of all these miniature devices is the Haydon 400 cps 
Synchronous Timing Motor . the inherently accurate 
approach to instrumentation in military equipment. Sealed 
in-steel case eliminates stray magnetic fields. Elapsed Time 
Indicators are available in the direct-reading type illustrated 
and also in dial type. Newest additions to the line are the 
miniature Time Delay Timer and the miniature Repeat 
Cycle Timer available with 1 to 4 switches. Weight is approx 
7 ounces 

OTHER HAYDON TIMERS FOR MILITARY APPLICATIONS . 
include: D-C Timing Motors for 6 to 32 volt operation, 60 
Cycle A-C Motors in a very wide range of speeds, Heavy 
Duty 400 Cycle Timing Motors, and Elapsed Time Indica 
tors for 60 cycle operation 


GET COMPLETE INFORMATION NOW . . 


Consult the Haydon Field Engineer in your area or, if you 
prefer, write to us direct, outlining your requirements. You'll 
find that Haydon has the experience, know-how and facilities 
to solve all your timing problems. 


"TRADEMARK REG. U.S. PATENT OFFICE 


HAYDON 
AT TORRINGTON HAYDON 
HEADQUARTERS FOR 


TIMING 





Division of General Time Corporation 


2529 East Elm St., Torrington, Conn. 
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Ue Pe 


SERVO MOTOR TACH GENERATORS 


to your precise specification 


» ee UU eR Ce ee) Ce Run ea CeO emcee 
) meni 1)') (1 CR SL C11). ee Le Oe eo Peete Tu me 
Je + — 54°C to +125°C ambient temperature range. 
OT sn ea.) ) 


) SU RU ea) 


BLT a ada te 






GENERATOR 
Oster Type Size Length wt | Reter | Rated Voltage No lead Watts Sta Excit Oxutpet Lin® | Nall : Phase. | 
laches Oz Inertia | speed per phase Torque Volt Volts per ts Mv Shit | 

gmcm? | 1 52 RPM Stail 02. IN | 1000 RPM | 3600 RPM e25c | 





> 


its designed for 85°C ambient but same characteristics can be designed for 125°C Additional 21.4 


Other. products include servos, synechros, 
resolvers, motor-gear-trains, AC drive ; thie taal enor 


motors, DC motors, servo mechanism as- Your Rotating Equipment Specialist 


semblies, reference and tachometer gener- senic Divisi 
ators, seryo torque units, actuators and ee ‘siamanares 
motor driven blower and fan assemblies. 





Racine, Wisconsin 


237 North Main Street 5333 So. Sepulveda Bivd. 
Hempstead, L. 1., New York Culver City, California 
EASTERN OFFICE Phone: IVanhoe 3-4653 WESTERN OFFICE 


Phones: EXmont 1-5742 TExas 0-1194 
TWX Hempstead N. Y. 705 TWX S. Mon 7671 


Interesting, varied work on designing transistor circuits and 
servo mechanisms. Contact Mr. Robert Burns, Personnel 
Manager, in confidence. 


Engineers For Advanced Projects: 


Circle 164 on page 17 169 





* 
COIO-T[ {) fA ‘en 797 
& | FUT I tsi ci d 
rf T TAR 
y Nout the cos _ 
= 





ers. When fluted Nvlon body is pushed 
through 14 in. cabinet or chassis hole 
flutes compress, then expand to provide 
. . os = positive holding action 
i's easy with the strippit High contact pressure and low cle 
trical resistance are provided by a 
heat-treated. silver-plated — beryliun 
FABRICATOR-DUPLICATOR |") bstiienis 
dates standard 0.081] in. diam tip plug 


rated at 10 kv d-c. Whitso, Inc. 9330 

\s fast as the operator places the Duplicator stylus in each 
template pilot hole. the printed circuit, board or other work ts 
COOLING FINS EXTEND 


. MOTOR TEMPERATURE 
the prune h tripped. Anvone can learn to operate the Fabricator- RANGE 


automatically positioned under the Fabricator punch and 


Duplicator in a few minutes. Consistently clean holes are 


produced in laminates from paper base phenolic to glass base designed with special cooling 
epoxy. coppel clad one or both sides from .032” to .125” -s High emperat 
made possil i g 
thick without cracks. Tool changes are made in a few seconds. 


using Strippit interchangeable standard round. obround. 


square ot special-shape tools. 





BUT WHY NOT SEE |! I i ) 
Du es 
i aa Se : eR \ rs. ‘ ; sheil rit I I lee ptr g y 
Ls \ fas : nns., St integ mounting pad- 
180 degn ipa provide tor opt 
ice or body mounting 
With this ribbed design, motor 
be used in higher ambients than ne 
WALES or same size motor frame can by 
for higher power applicatior 
Cooling shell is superior to sheet 





COMPANY metal belly ty pe because of ability 


withstand greater shock and vibratior il 


222 Buell Road 


stresses: also. dimensions from center 
Akron, N. Y. line of shaft to base can be held ) 
e closer tolerances. Air-Marine Motors . 
in Canada: In 369 Bavview Ave Amityville 
] & Machine Limited N. ¥ >521 


Brampton, Ontarte 


7 SOLID STATE ELECTRONIC 
: CHOPPER 


HOUDAILLE 

t, = Model 50 is an encapsulated unit de 
reaae” signed to alternately connect and dis 
connect a load from a signal source. It 
may also be used as demodulator to con- 
vert a-c signal to d-c. Capable of linear 
ly switching or chopping voltages ove1 
range which extends down to fraction of 

a millivolt. 

Chopper is an inertia-less device that 
can be driven from d-c to hundreds of 
kiloecyeles. Switching circuitry used 
provides stability and freedom from 

170 Circle 165 on page 17 ELECTRICAL MANUFACTURIY 








SALE SF SATIS A IG LIE ONE LOU GE Lats ET RNES AT 


HOWARD 


Ret 
(FORMERLY WESTINGHOUSE) | 


ence ACI BEPC EBA OR UD BIONDI 














Ww r . 
H I { a 
De 
} Se We \f p Se ( r 
ARMATURES | COMMUTATORS ALL MODELS: 
et N - he Ay . B ¥ » 
( Se 
1A 4 ct, Fo | pape de 5 ° 
, 2 y ee 
150 ‘ | 4 paper bakelite Ar 
y tee w 
aleainidibis a aiccammeaaee ech neces 
200 ‘ 6. j le e ee 
«| ) a I S 2 gaug 
500 é i. a oe e ee : si . 
‘ ! 4 c ete c © & 
tp A WA 
700 4 6.1 28 paper tee! pper wire, taped wit tt r tape serted in he Cc 
B A s€ 
> £ € c ic ¢ A s 
€ t ce r require 





Sener te a UNIVERSAL & D.C. 1 200 to 1 h.p. * SHADED POLE 1 2000to1 8hp 
a TS SLOTS: INDUCTION 1 1400 to 1 8 h.p. * SERVO MOTORS « GEAR MOTORS * BLOWERS 





HOWARD INDUSTRIES, INC., 1720 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 








208 S. LaSalle St., Chicago 4, CE 6-5126 
942 S. La Brea Ave., Los Angeles 36, WE 8-2444 





Offices Room 4822, Empire State Bidg., New York 1, LO 4-7992 —, 
300 Broadway, Camden, New Jersey, WO 4-9733 Phone Book 


DIVISIONS: EM ELECTRIC MOTOR 


MAY 195 


Circle 166 on page 17 


Representotives in 
Principal Cities 





CORPORATION qS CYCLOHM MOTOR CORPORATION (@) RACINE ELECTRIC PRODUCTS 


171 











for finishing wire leads 


with ARTOS AUTOMATIC CS-6 





| 












Single Conductor Stranded Wire 


Single Conductor Solid Wire 
Saas eee 
2-Conductor Parallel 
Stranded Wire 
arr 
300 Ohm Television Wire 
a 
SJ Cord 


- ew wee 
Heater Cord 






~~ cz 
Shielded Wire with Rubber Jacket 


A new collecting device 

is now available for use on 
the popular Artos CS-6 
wire-measuring, Cutting 
and stripping machine. 
Illustration shows the 

new collecting trough 
(AE-478). Upper trough 
collects wire leads up to 
60 inches long, then empties 
into the lower trough 
after wire has been cut, 


thus saving operator time. 


Production speeds of 3000 finished wire leads per hour up to 
15 inches long. Maximum cutting length is 194 inches .. . strip- 
ping up to 2 inches at one or both ends. Artos also makes ma- 
chines that measure, cut, strip and attach terminals automatically 


at one or both ends. 


Operated by unskilled labor. Errors and work spoilage, due 


to human element, are eliminated. 


Machines are easily set up 


and adjusted for different lengths of wire and stripping. 


Proved performance. 


Time-consuming hand stripping jobs 


which once were a bottleneck in many plants are gone forever. 


As a result, Artos automatic wire strippers are paying their way 
in the mass production of television and radio sets, electrical 
appliances, motor controls and instruments of all kinds. 


If you need big capacity on wire lead finishing, WRITE for 


descriptive Artos Bulletin No. 36. 


without obligation. 


THROUGHOUT THE 


AGENTS 
WORLD 





2741 South 28th Street * 


AR 1 OS essa 


Engineering consultation 


World Leaders in Automatic Machines 


for Finishing Wire Leads 


Milwaukee 46, Wisconsin 
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CORROSION-FREE SOLENOID 


VALVE 

SV-5100 series of all-plastic 
Valves has no metal contact witl 
Designed specificall i | 
corrosive media used in industry 
SV-5100 will. in many cases. outlast 


‘ ] ‘ ] 
stainless steel counterpart 100 to 


Unit features current drait 
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you call the move... we'll make the motion 
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CONTROLS DIVISION 


RADIO CONDENSER COMPANY 
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Go right ahead, calli the move! 

.up. down, over, 
s 

left, in, 


around, right, out, 


one at a time, all at once... 
we ll make the the 


motion, 
whole motion. Your move will 
be designed and manufac- 
tured as a complete actuating 


ackage, fully tested 


) 


I and Op- 
eration proved. 
Radio Condenser Custom- 


Made 


Assemblies offer programmed 


Electromechanical 


motion at a touch. In the fast- 
growing field of pushbutton 


dynamics, for example, R/C 


assemblies can make a finger 
do most anything... tune a 
radio, “switch” TV channels 


; ; 
pre ikfast e it! 
+ > +} y 
Let R/C’sn t la 
‘ + ’ t11T ] TY 
chanical experi work for 


CAMDEN 3, NEW JERSEY 


a3 













conomical 


Low tooling charges keep 
prices down, yet quality 
remains high. Our auto- 
matic molding procedure 
permits economical incor- 
poration of terminal designs 
into the molded part. Thus, 
costly secondary operations 
are eliminated and you gain 
further economies. 

If your specifications include 
dimensional stability, min- 
iaturization and high dielec- 


ata brochur : 
outa hee ” tric strength 


and samples 
sent on request. Get the facts on 


COSMO NYLON BOBBINS 


SALES DIVISION OFFICES 


Arizona, Missouri, Illinois, Michigan, Ohio, New Jersey, Connecticut, Massachusetts, Canada 


3239 WEST 14 STREET «+ TOwer 1-5597 * CLEVELAND 9, OHIO 
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Micro-Procesced Com 


For long spring life pression Springs 


and reduced SPring cost 


I-S Bery/ 


‘um Copper 
Compression sprin oS hi 
springs are igh strength : 

h ' g W@ res ‘ 

ordened ofte, forming 4 high conductivit V . istance of Corrosion’ 
10.0 tensile strength of ¥ uniformity y Stability at elevated 
18500 te 
000 to 220,000 psi v reduced set and drify reduced inspean’ 

e ultan : 
se resultant springs offer 2 a tolerances assembly cost and 

¥ many advantag ong en i costs 

rb 9 endurance life less space required 


of springs 






Micro-P 
- ocessed be 
sPrings—5 small ae Y™ copper helicc 
44—10 help save tin different. w te fa Mui fOmMpPression 
ove time ond money on deveyewtin No. 97 
ee work 
icro pressi writ 
.. Mi prin opps 
$s t Specialti | 
i PeciGiTieS co Inc. 


254 BERGEN BLVD., LITTLE FALLS, NEW JERSEY 
Telephone: CLifford 6-3500 5s 
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max. Mace of molded nvlon with i 
plastic diaphragm seal that assures 
bubble-tight sealing. valve may be taken 
apart for cleaning and inspection with 
out removing it from lines 

Glass-impregnated, continuous-duty 
coil eliminates electrical failures due to 
moisture. Standard model equipped 
with 24 in. pigtail ieads. Molded coils 
conduit connections and lead lengt! 
variations available. Valcor Engineering 
Corp.. 365 Carnegie Ave Kenilworth 
N. J >524 


a 


“E-RING’ PROVIDES MORE 
GRIPPING POWER 


Series 5144 radially-installed reint 
“E-ring” provides approximatels 
times greater grip] gy str gt 

per cent higher rpm limit- 


' ' 


tional | type fastener 





k {s y i S 
i 
part- 
“ 5144 differs t 
I rings it it Nas a i ‘ ) 
I ‘ ipered ling 
further increase gripping power 
trance gap has been narrowed ar 
side oft lugs made parallel] it gap 
Manufactured in sizes to accomr 
date shafts ranging in diam trom 
to i, In. Standard material is carbon 
spring steel (SAE 1065-1090): stand 


ird finish is oil-dipped. Waldes-Ko 
hinoor. Inc., 47-16 Austel Place. Long 
Island Citv 1. N. ¥ >525 


2 


FERRITE DUPLEXER SWITCH 


For handling 300-kw peak power a! 
}00-w average power in frequen: 


range 8.5 to 9.6 km Model XL447 
performs function of switching betwee: 
two waveguide outputs from single ir 
put. Eliminates need tor moving part 
in waveguide switching for radar appl 
cations. 

Used as duplexer switch, unit directs 
microwave energy to one or another ot 
2 antennas when current is reversed it 


FLECTRICAL MANULEFACTLUE 





Tiny Tankers. Unicellular diatoms 
floated on prehistoric seas in infinite num- 
bers, each encased a microscopic fat glob- 
ule. Today, coalesced, they comprise the 
oil pools we draw upon. A wonder-of-the- 
world in miniature, truly a miracle of 


nature. 


Magnetic Oil Finder. Modern tri- 
umph of miniaturization is the 
aerial magnetometer which trails an air- 
plane for magnetic field surveys, locating 
new oil resources. 29 MPB bearings in it 
reduce friction for measuring accuracy 1 


to 2 parts per 50 thousand. 


Man With Miracles. This is Harry 
Hannan, MPB’'s Senior Applications Engi- 
neer. He can help you find exactly the 
right type of bearing for your application 
instrument sensitivity and maintain 


reliable, trouble-free operation 


Miracles in Miniaturization & All around you 


New Industrial 


Miracles are still 
to be created by inquiring scientific minds. 
Projects move along more quickly because 
MPB bearings are solving so many prob- 
lems of friction, precision and mechanics 


MPB is a pioneer in miniaturization . . 


puts its wealth of experience at your dis- 


BEARING ACTUAL 5 


posal. More than 500 types and sizes of 
miniature bearings available .. specials 
on request . engineering and research 
facilities second to none. For engineering 
assistance and/or new catalog, write 
Miniature Precision Bearings, Inc., 


605 Precision Park, Keene, N. H. 
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Helps you perform miracles 


in miniaturization 











sorbing jsola t 
pP ding 2O d “ 
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SUBMINIATURE A-C 
SUMMING AMPLIFIER 


Model W118 y 
ipprosin 
iffers j “ I “ - { 





with Chassis -Trak slides — 
WEIGHT is no problem... 22% cee 

















ction pr ed it= 
\ itt ip - ~fiitt 1 less i 
The slides above are only .250” thin “basic” model (pictured above), which 20 cps to | ke. unit = signal treq 
and weigh only 9 lIbs., yet they are tlts freely upward, or the “detent” f 20 cps to 2 | with { 
supporting a man weighing over 200 model, which tilts and locks in seven ee 
lbs. This is a graphic illustration of different positions . . . and they are ee ere : 
rigid support at the full open position available from stock now! ohms, and iV ohm outpu poe 
And, Chassis-Trak slides give Before making a sl Ca ised dging 
smooth slide action! They are pro vestig the ex tr ti | amplifiers. s : 
duced from cold rolled steel. The per- slide atl O ee plifiers t is 
manent-dry, dust-repellent finish is a cabinets Ch ik ai } 
spe 100° “hb e . v phenol co a 
pecial 4 baked on epoxy phenol te Ae 2G , oan te "ey “ae 
formulation that eliminates mainte- werer Gel, locked in one equipmict . F 
nance the longer you use Ch of se Ele - D H g 5 
Irak slides, the smoother they operate le [s N 


A new design feature on Chassis- 


Trak slides increases the bearin 





by almost 113° over previous mode 


COMPUTER CONTROL PANEL 
COMPONENTS 


Line of compute 


This makes the slide even stronger, and 
is especially important on military or 
aircraft equipment, where extreme vi- es 
bration or shock conditions exist 


Chassis-Trak slides are available in ponents 


nine lengths, designed to support from 
175 lbs. to 275 Ibs. . . . in either the 


putton with NI » ent 
MEMO-LITE. <ubr 
indicator tor trans I 


PRANSISTOR-LITI trans 


trolled neon lamp re 


For further information contact: 


525 South Webster, Indianapolis 19, Indiana 


Each is housed 1 rneodize 
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RELIABILITY PLUS 

















For applications where 
maximum reliability and 
long life are the deter- 
mining factors, North 
oh ] 


la Spring retavs have 


proven themselves com- 


le ]y re liable Ove? the 


ple 
ears — are continuing to 
prove themse lee Ss more 
than a million times a day 
by performing vital con- 
trol functions with “relt- 


Lijit l, 
aolulryv pilus 








‘ for 

~~ ! 1 

. os i 

i as 1 

i t 

1 : i 

° ! - : i 

1 i 
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i 1 
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' i 

i ' i 

e 1 1 
] et 

1. North relays have knife-edge armature pivots — no - - 7 

friction, no lubrication, no wear! i i 

' ! 

2. North relays have flap type residuals — distributing ; : 

armature blow over entire core face - no holing i 1 

r pitting of core to alter air gap and critical adjustment : ; 

s with pin or screw type residuals i t 

} } i i 

North flat spring relays are available in a large variety of 1 i 

ils, frames, spring materials, contact materials, ; 

spring arrangements and mounting brackets to i 1 


Kee wwe ew ewe eee ee eee 
eet any specification 


INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY <*: 


855 SOUTH MARKET STREET * GALION, OHIO (NORTH 


4 
Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q. Y S 
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INMRNAL OE APPLIEN CONTROL NEVICES THAT NEVER WEAR OUT 





... and the answer 


special purpose, custom produced molding cc 
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PLASTICS 
ENGINEERING 
COMPANY 


Sheboygan, Wisconsin 


PLENCO PHENOLICS 


ufacture high e 


resins ond cooting resins. 
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tube of 15 in. dian > in. lor Gold 


plated terminal connections are fo 
AMP series “53° taper pins. Lenses 
molded from clear plastic. but available 
in colors as well Perm) 


Nvlon wit Moylar =i 


ternally 


Provisions made nite i bor « 
many as four o-Wall resistors | 
tor Electronics Co... 3357 Repul \ 
Minneapolis 26. Mint >528 


WIRE-WOUND RESISTORS 








LF 
OY x 
P+ 
values. Temperature coett 
20 ppm per degree ¢ 
fhe supplied with 

oefhcient as low is 15 pp 
great as +-0.45 per ! deg ( 
Operating temperature 65 
( | ltronix Ine 116 se ra eB 
San Mate: Cali >529 
INTERCHANGEABLE 
PROGRAMMING SYSTEM 
VELCO patcheord programming 


tem provides for rapidly ¢ ny yg 
one predetermined ‘ eult irrangeme 
to another. Method is adaptable 
with inalog and digital mputers 
metering sVvstem- ind 
equipment 

F hit it tror 

exibilityv results ( 


rangement of spect illv des gned contact 


strips ind use of either singte 
tiple patehcords wit! 2 max of ZZ 
ductors By illering “176 





JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 


WHEN A SIGNAL ALMOST ISN’T... 


We feel like passing out cigars because our dev lopment engi- 


neers have given birth to a new addition to the CONTROL 


standard line of proportioning reactors that never wear out 


It’s a pre-amplifier that will work from a 200-microwatt signal 


with a 3-cycle response. Hitch it toa CONT ROL proportioning 












. reactor and in one step you have wide range control of a 2-KVA 

load. That means if vou have to work from the minute output yore 

of a small tach-generator, thickness gauge, electronic relay or 

process control instrumentation, you should write us. We've got 

CONTROL pre-amplifier specifications ready for you. 
DESIGN CONTROL CIRCUITS 
WITH BUILDING BLOCKS... 
When we took “never weai ss ~ 
out” magnetic devices into the | 
industrial control field, we 2 
made the grand plunge—de- 
signed standard lines which a % 
systems engineer could design =>, 

ae into his « quipm«¢ nt right from = \ 
* the CONTROL catalog. That ‘ 7 
: put an end to the high price of | Z 

the unusual advantages of sat- 

THE HECK urable reactors. Instead of cus- 

WITH MAINTENANCE! tom designing, we mass pro- 1 | 
duce—and your costs come Es 

There are no moving parts in a CONTROL tumbling down. Want to select oy bY 

proporuoning reactor There are no filaments the building blocks to des gn 

to burn out. There are no adjustments to make. your control circuits? We have 

You can bury them, fly them through the tropo- information on CONTROL’S 

; sphere, or install them in the corrosive atmos- standard proportioning reac- 

phere of a chlorine plant—it makes no differ- tors—theory, characteris- 

ence. I{ you're tired of control equipment that tics, typicaluses. It au 

has to be pampe red with maintenance, you're your letter. 


for us. Servicing? Parts replacement? No more 


friend, no more. We're better than hormones 
for the pooped-out control engineer. Why not 


i 


" / j 
‘ 5 ‘ ¢ sf 


Reliability begins with CC J TD EOL. 


Ww 


1ON OF MAGNETICS NC 


DEPT. EM-50, BUTLER, PENNSYLVANIA 
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KEEP UP-TO-DATE ON MAGNETICS 














—— 


put atria in your designs 


Type P — Single coil Type D — 2 pole 
2 pole induction induction 


Type Y — 4 pole 
nduction 


Type S — Skeleton frame Type K — Universal 


Type KF — Universal 
2 pole induction series wound 


series wound 


Type DL — Universal 


Type AR — Capacitor, 
series wound 


Type AM — Capacitor, 
reversible 


reversible 





onal Horsey power Motors offer 


ou ; 
compreh« nsive line — personal ¢ engine ering service — depend 
able quality. You have a wide selection of types, moun ngs, 

horse power. voltage ratings and other modifications. Whe 

caaticns are needed, Heinze Engineers give prompt, per- 
sonal service to meet your exact requirements. There’s no 
unwieldly red tape no lengthy delays in design or pro- 
duction. You get high quality motors that are rugged, 
compact, lightweight, low in cost. So when you need sub- 


fractional horsepower motors, be sure to put Heinz 
your des igns. 


in 


ELECTRIC COMPANY 
685 Lawrence St., Lowell, Mass. 
Sub-Fractional Horsepower Motors and Blowers 


HEINZE ELECTRIC COMPANY 


685 Lawrence St., Lowell, Mass. 


Please send catalog on Heinze Sub-Fractional Horsepower Motors 
Name & Title 
Company 
Street & No 
City & State 
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AXIAL LEAD ZENER DIODES 


MANUAL STARTERS 


s fe ) spool re 
Ss ar ) of g 
in. pilot and 1 in. soleno 
Denisor Engineering 1)i 
Brake Shoe Co 160) Dub 
Columbus 16. Ohn >S 








KEEP UP-TO-DATE ON MAGNETICS 





Now—gvuaranteed practical inductance limits for regular 


and frequency-stabilized permalloy powder cores 


Call them frequency-stabilized or temperature stabilized, the 
nportant thing about these new molybdenum permalloy 
powder cores made by Magnetics, Inc., is our guarantee of 


core inductance within realistic limits. You can write- 


1 I —right 
I for these guaranteed limits 
Filter circuit designers will take note that these guaranteed 
mits for permalloy powder! cores are {al tighter than those 


iblished before. Note also that they are guarantees on 
ductance which is the parameter of chief concern 


to the core 


user rather than on permeability 


This can save you dollars on your production line—by it 


Vv cul 


ting down on adjustment of number of windings on coils 


And you know, too, that temperature sta 


lifhcult compensation problems 

But did you know that we guarantee 

lit s for all of yy cores, V 7€¢ 
yt? For all the facts, wr sat Magr l ] 





MANUAL STARTERS 





















WITHOUT 

OVERLOAD COMPACT...ECONOMICAL 
renner COMPLETE LINE 

TYPE “NF” 

Weight—1 2 lbs. Type “NF” Manual Starters . . . toggle-operated, without 


overload protection . . . are compact, and completely depend- 
able. Rated to 30 Amp., 2 hp capacity at 600 volts. Available 
in 2, 3 or 4 poles. 

Type “RT” Manual Starters . . . push button operated, 
with overload protection . . . are small and reliable. Control 
single and polyphase motors up to 7/2 hp, 600 volts. Avail- 
able in sizes 0 and 1. 

Both “NF” and “RT” types supplied with general pur- 
pose, weatherproof or explosion-proof enclosures. Arrow- 
Hart’s complete line also includes manual starters, without 
overload protection, for reversing and two-speed applications 

. and toggle action switches for other manual starter 
applications. 

Write on company letterhead for 12-page catalog section to 
The Arrow-Hart & Hegeman Electric Co., Dept. EM, 103 
Hawthorn Street, Hartford 6, Connecticut. 


WITH 
OVERLOAD 
PROTECTION 


CONTROL 


. 
5 


lbs. 


TYPE “RT” Weight : 


ARROW (+) HART 


and may be inserted by automati: this is done by means of a simple re- 


machines on an assembly-line basis moval tool. 
Efficient heat-dissipating path from 


Zener diode junction is built-in. assur- with or 


Connectors are available as inserts 
without jackserews. or = in 
ing better heat transfer, conservative straight or right-angle housings with o1 
without jackscrews. Dielectric material 


is diallyl phthalate; shells are cad- 


power rating up to 200 mw at 25 C. 
and high safety factor. U. S. Semicon 
ductor Products, Inc., 3536 W. Osborn 
Rd.. Phoenix, Ariz. >532 


mium-plated aluminum: contacts are 
gold-over-silver plated. Silicone rubber 
face gaskets also provided. 

Rated at 7.5 amp at 500 volts d- 


RACK AND PANEL 
CONNECTORS 


Line of miniature rack and panel cor 


at sea level and 7.5 amp at 125 volts 





d-c at 70.000 ft. Temperature range 
-65 to +200 C. Amphenol Electronics 


- testing digital recording techniques and 
Corp., 1830 S. 54th Ave., Chicago 50. 


nectors are available with insert ar- Ill circuits. Pulsed output also available 

















rangements of 34, 42 and 50 removable 
“poke home” contacts which may be 
automatically crimped to wire outside 





body of connector and then inserted 
into insert. In the event that a circuit 
must be relocated or is damaged and 
must be replaced, it is not necessary 
to remove and replace the whole con- 
nector but only the specific contaet: 


182 


»533 


SIXTEEN-BIT WORD 
GENERATOR 


Equipment is constructed in two sec 
tions: basic unit is plug-in drawer-type 
construction which contains the word 
generator; separate chassis contains the 
power supply. Plug-in arrangement 
makes it convenient to install into an- 
other equipment. 

Word formed may be set up by 16 
switches on front panel. Trigger input 
establishes pulse repetition frequency. 
which may be as high as 250 ke Output 


is balanced so that unit may be em- 


ploved to drive a recording circuit for 


Unit may be supplied with associated 
recording circuits for return to zero or 
non-return to zero recording. Systems 


300 Woods Dr 
Dayton 32. Ohio. >534 


Research Laboratories 


SPECIALIZED PLUGS 
Model M-1037 molded in “Tenite” i- 


available in 7 and 9-pin versions. Model 
M-1000-1 molded in vinyl to accommo 
date 300 ohm lead or other spec jal 


“aye 


“077 
ozs 0024 441008 


Fike TRIE ANL FAG TERING 








wires. Plug will fit receptacles which ically for by-pass and coupling appli Both retain features of Iype 101 | 
are readily available. cations, Ultra-Kap is suited for any low 1, in. potentiometers ilso) have 
For use in specialized electronic ip) voltage use requiring high capacities humidity-proot constructior Carte 
plications. Model M-1002-4 accommo and low power factors. Manufacturing Corp.. 23 Washingto1 
dates 18 SPT 1, 20 XT and other spe- Four standard values, 0.22, 0.47. 1.0 St.. Hudson. Mas- >537 


cial wires. Molded in vinyl. it is one ind 2.2 uf available. Units are rated 


of a series of males and females featur- it 3 volts d-c working. range from !4 DISTRIBUTED CONSTANT 
ing a wide variety of pin configuration- to *4 in. diam. Centralab, Div. of Globe DELAY LINES 


ind sizes Union. Inc.. 900 East Keefe Ave. Mil 
Model M-1025 is molded in vinyl and waukee |. Wis« >536 The FD288-( ee ee 2 
will accept XT cord only. Phalo Pla- ee ee ae ae 
Corp. 25 Foster St. Worcester. MINIATURE TRIMMER 8 usec. Attenuation is only 3 db 


Mase 


less than 0.5 db per microsec. Imped 
>535 POTENTIOMETERS ince 3300 ohms. Additional taps are 
[wo miniaturized trimmer potentiome furnished at 3. 5 and 6 ypse Pot 


ters are available in 15 resistance value- 


. HIGH CAPACITY CERAMIC from 47 to 10 k ohms. All values are 
CAPACITORS mm ide with 20 ppm resistance wire. cal 


‘Ultra-Naps” are designed primaril 
lor travisistor circuit ipplications where 
size and cost are primary tactors. will 
s extremes of temperature, | 


midi vibration. Engineered specit 


——— 





a dissipate }5 watt to LOO C (derated t 





zero at 150 ¢ for period of 1000 hi 
Type 101F may be mounted by its lead- 
ilone, in a fuse clip or 0.290 in. hol 
[vpe 101G has nuts for mounting 

« in. hole and for locking shaft against 


ation 


SMALLEST... BY FAR 


Rugged Size 4 a 
Magnetic Starters 


Compact, lightweight Arrow-Hart fully de- 
signed Size 4 Magnetic Starter (smallest size 4 
on the market) provides maximum performance 
in minimum space. This is made possible by 
A-H’s advanced ‘“‘RA”’ (Right Angle) design. 
Other features add up to dependability .. . 
perfect guided alignment for positive, uniform 
contacting . . . a straight thru wiring that sim- 
plifies circuit design, installation and servicing 

. . sturdy contacts with silver alloy tips. Sizes 0 
through 5 Magnetic Starters offer comparable 
advantages. 


Write on company letterhead for 8-page folder on 
Size 4 Starter and other engineering data on Sizes 
0 through 5 to The Arrow-Hart & Hegeman Elec- 
tric Company, Dept. EM, 103 Hawthorn Street, 
Hartford 6, Connecticut 


ARROW —- HART OF HARTFORD 
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for low level circuit or 
general purpose use 


HERMETICALLY 
SEALED 
MINIATURE 
RELAY 

SERIES 300 


A 


COUNTERBALANCED 
RELAY WITH 
SEPARATELY SEALED 
CONTACT CHAMBER 


UNIQUE DESIGN FEATURE... 


The Series 300 Relay has a solenoid type 
of magnetic assembly with two dynam- 
ically balanced plungers. Each relay is 
hermetically sealed, with the contacts 
isolated from the coil to avoid contami- 
nation. The construction is such that the 
relay has an increased magnetic force 


that provides higher contact pressures 
and greater travel than are usually 


found in this type relay. 
MEETS MIL SPECIFICATIONS 


This relay was designed to meet the 
most exacting modern requirements for 
a miniature 6 P.D.T. hermetically sealed 
relay, for low level circuits or general 
purpose use. The Series 300 is designed 
to meet the following MIL Specifications 
and drawing: 

Spec. MIL-R-5757C 

Spec. MIL-R-25018 (USAF) Class B; Type 11. Gra 
Drawing. MIL-STD MS24115 (USAF) 


de 3 


On bei 
gh. I 
ie () ( y ( | 
tronk ( H st 
N. 4 5 
SUBMINIATURE 
POTENTIOMETER WITH DIAL 


Mod 


APD). 


DIALPOT 





GENERAL sca Sa “oh 
CHARACTERISTICS stxibe line se. Bru 
Rated Load 2 amperes, raced — 
28 Volts D.C. Resistive 
Ambient Temperature 
—65° C to 125° C ked. | 
15g to 2,000 c.p.s 
—no contact chatter ee 


Range 
Vibration 


Shock. . 50g, 11 milliseconds 


FOR 00 deg \ 
FURTHER DETAILS ited 
WRITE FOR it 40 ¢ y 
HUSKY BULLETIN /11 jue is one \ 


i c . ! : ha \ 
\iass > 539 


MINIATURE THIN WALL 


~y TEFLON-INSULATED WIRE 
Ek, Extruded MINLTHI 
ee oo <_ — 
KS Pat y ON 
a) ¢- = =e ° © LINI-THIN 
a it /S 
i fi: ORPORATION : 
se Type Mil-W 
» Frederick, Maryland eee J p 
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Readin’, ’Ritin’, and Reliability 


s 


Synthane plastic laminated bush- 
ings and breaker arms for auto- 
motive ignition. 


Dependable operation of a school 
bus, a truck, or your own car involves 
the functioning of many parts. One 
breakdown can wipe out the memory 
of ten thousand trouble-free miles. 

Some of these parts are made of 
laminated plastics. They're usually 
unseen, unsung, small in size yet effi- 
ciently performing their job. 

Their cost is relatively insignificant 
when compared with the cost of 
equipment in which they work, but 
it should be sufficient to insure de- 
pendability. 

Actually, what you pay for Syn- 
thane laminated plastics is little or 
no more than you’d pay for any 
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other plastic laminate. But the Syn- 
thane price includes top quality ma 
terials, product control, excellent 
facilities and workmanship, an as- 
surance of continuous supply, and 
a long reputation for fair dealing. 

If you are interested in a reliable 
source of laminated plastics—sheets, 
rods, tubes, or completely fabricated 
parts, write for an interesting catalog 
or call ourrepresentative nearest you. 


SYNTBANE 


SYNTHANE CORPORATION, 17 RIVER RD., OAKS, PA 
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a Complete line of 


D.C. TORQUE MOTORS 


FOR DIRECT DRIVE SERVO APPLICATIONS 


















IN TYPICAL 
HOUSING 


WITHOUT 
HOUSING 


® High angular acceleration by utilizing direct 
Reh io Ge MUL te cone 

® High peak torque per unit volume 

® Minimum control and total power input 

® Rapid electrical response 


® Optimum shape for compact systems 


THIS DESIGN TAKES MAXIMUM ADVANTAGE 
OF THE PROPERTIES OF DC CONTROL POWER 
AND PERMANENT MAGNET FIELDS. 


TYPICAL RATINGS 


30"0.D.,6.2" LGTH 
24"0.0.,5.8" LGTH 


12.5"0.0.,5.0" LGTH 


12.5"0.0.,2.8" LGTH 
10.5"0.0.,2.7" LGTH 


$3 


TORQUE, POUND - FEET 


2.9"0.D.,.62" LGTH 
1.9"0.0., .50" LGTH 





(ZERO SPEED WATTS INPUT) ® 
Matching Rotary Amplifiers Also Available 


For further information and Catalog write to: 


INLAND MOTOR CORPORATION 


MANUFACTURERS OF ELECTRICAL MACHINERY 


23 W. WASHINGTON AVENUE 
a ek DEPT. B NEW YORK 
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250 C range) wire is available wit 
-tranded or solid conductor in sizes 
through 22 AWG and is color-coded { 
circuit identification 

W ire is supplied 
lengths on non-returnable 
ind stripped to customer's specifi 

Thermax Wire Corp Ot | 
> New York 17, N \ >S4 


MICRO-MINIATURE DIODE 


\I cro-miniature cold ithode g 
ver diode tube can be used for isolatic 
purposes, electronic switching. Ré 

g circuits and relaxation oscillate 


It has a high in put resistance 





avery low re i 
Unit i i ppl ‘ 

variety 14 , 

Py pical i PAA-1] 

| ‘ g ira t . I I ! g 
| ve volt leak y i 

, it I x if I i 

to 20.000 g: vibration 10-55 evcles 


0.06 DA energy transfer 3000 erg 


i 


The Victoreen Instrument Co SB06 


Hough Ave.. Cleveland 3. Ohio >54] 


PROGRESSIVE SHORTING 
SWITCH 


Swite! “wl 




















For PEAK PERFORMANCE over a HIGH RANGE of RESISTANCE 





IRC MOLDED DEPOSITED CARBON RESISTORS 


With units as small as IRC’s 14 Watt Molded Deposited Carbon Resistors, 
you can cover a resistance range from 50 ohms to 3.4 Megohms; IRC’s 2 Watt 
Molded Deposited Carbon Resistors cover 15 ohms to 100 Megohms! 


IRC Molded Deposited Carbon Resistors, available in 14 Watt (type MDA), 
1, Watt (type MDB), '4 Watt (type MDC), 1 Watt (type MDF) and 2 Watt 
(type MDH) sizes, combine accuracy and economy for close-tolerance appli- 
cations .. . provide you with extremely high stability, low voltage coefficient, 
and low capacitive and inductive impedance in high frequency applications. 


IRC Molded Deposited Carbon Resistors have been designed to meet and 
exceed Specification MIL-R-10509B. 


Enclosed in molded red plastic housing, they provide complete protection 
and offer better heat dissipating qualities with an accompanying improved 
load life characteristic, and assure a higher order of over-all reliability. 
IRC Molded Deposited Carbon Resistors are recommended for the follow- 
ing applications: 
1. Circuits in which characteristics of carbon composition resistors are 
unsuitable, and wire-wound resistors too expensive. 
2. Metering and voltage divider circuits requiring high stability and 
close tolerance of the resistance values. 
3. High frequency circuits where accuracy and stability are required 
but where wire-wound resistors are unacceptable. 


For more information about IRC’s Molded Deposited Carbon Resistors, send 
for Bulletin B-9b. 


INTERNATIONAL RESISTANCE COMPANY 


ee ES crn 


and you'll want to in- 
vestigate IRC unmolded De- 
posited Carbon Resistors. 
Extremely high stability is 
offered in 4, 1 and 2 watt 
sizes, with resistance ranges 
from 10 ohms to 100 
megohms. IRC type DC 
precision film resistors com- 
bine accuracy and economy. 
They are designed to meet 
Specification MIL-R-10509B 
. in fact, IRC has the most 
MIL-type Deposited Car- 
bon Resistors in the indus- 
try. Write for Bulletin B-4b. 





Dept. 292,401 N. Broad St., Philadelphia 8, Pa. + /n Canada: International Resistance Company Limited, Toronto, Licensee 
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: - ; 
it iT 7 conte meter between every position cot 
i) ~ecutively continuous programmu 


her spe ial ipplic ition-~ 


\pplications include capacitor decade 

“witching sequential powel listribu 
HIGH alee weiias fon immeter ind voltmeter switching 
tion and network sequencin 


Available as 20. 24 and 32 pole units; 





can be ganged for multiple deck appli- 


cation. Contact materials and slip rings 


VARGLAS SILICONE Os re inin 


CLASS H mn Se 542 
TUBING and SLEEVING 


for applications requiring prolonged heat 


endurance at temperatures up to 260°C. scaidin dine: pice el fae, Cia Mirae: MEE 
FF cer <u | L060 ¢ 
Varglas Silicone tubing and sleeving were , 
developed by Varfiex for applications in- wide varie 4 operations 
volving continuous operating temperatures processing jigs in manufacture of s 


up to 260°C. Exceptional stability is com- 
bined with the following qualities .. . 


FLEXIBILITY... sharp turns and 90° bends 
cause no cracking or peeling —no loss of 
dielectric strength. 


DIELECTRICALLY-STRONG—AI! grades conform to 
NEMA and MIL-I-3190 standards. 


MOISTURE-RESISTANT—including resistance to 
salt water, mild alkalis and acids. 





FLAME-RESISTANT — Standard burning test is 45 
seconds to burn | inch. Can be made self- 


extinguishing on special order. con diode s er 

we re ound are { 2 toi) 
COLD-RESISTANT—Excellent resistance to chafing 1060 ID x 0.025 
and abrasion, flexible to —35°C.* 

p 

*For temperatures down to —65°C, and for 0.06 
applications requiring extraordinary flexi- 
bility, we recommend our new Varglas 
Silicone Rubber sleeving and tubing. In- sands. O + 
quiries invited. k g 

1) P | f \ 


~ 3 \ a \ oa 
Send as 


for = 

mK 

FREE = 
SAMPLES — 


Mail coupon today for free folder containing 25 
different test samples of Varflex insulating sleeving, Ma ; “ae 
tubing, lead wire and tying cord 


vit i i] elwer Dr g a 
a CORPORATION SSR SE SERRR ESSERE eee pie See ei 
Makers of Electrical Anew Pe . hai ; = - 
; : e 
% Insulating Tubing VARFLEX SALES CO., INC., 309 N. Jay St., Rome, N.Y. @& 
R ond Sleeving , (For Silicone Products Only) & 
gi € 
Please send me free folder containing samples of your electrical insulating tubing and 
* e 
sleeving 
® I am particularly interested in insulation for e 
§ 8 
a a 
€ Name © 
a ae LZ 
tree’ 
: City Zone State - 
Ree TES OOHRS STAKE 





188 Circle 183 on page 17 Circle 184 on page 17 > 





Single-phase Type RA 12 to 15 hp. 


Wagner Repulsion-: 


= = , 


4, 


load 


GET MORE STARTING 
TORQUE WITH THE 
SAME HORSEPOWER 


REPULSION START 


500 ——- + + + 





+ 


seo 
30-+ CAPACITOR START? |SOCOTCAPACITOR START 


LOAD TORQUE 


—— 
+ 
> 
> 
a 


PD ee te 


REPULSION START 


AMPERES 
% OF FULL 


—— | 
MI 220) | 100 +——_+——__+—__ + 


Wasner Electric Grporation | | | 


6400 Plymouth Ave., St. Louis 14, Mo. RPM 


RPM Soo 
BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES ONE HP, 1750 RPM, 60 CYCLES, 230 VOLTS 


Integral Ratings, 1-5 hp are available in the latest NEMA Frame Sizes 
H.P. OLD FRAME SIZE PRESENT FRAME SIZE!I , 


1 203 182 


+ pole (1750 RPM, 60 cycle and 1450 RPM, 50 cycle) ratings 
204 — ire interchangeable in mounting dimensions with « ipacitor 
224 ais start motors of the same ratings 
225 215 


254 254U 


























rr, 


Got a Normal Starting Application? 


73 


| 


| 25 ee 
Se 


| 


‘ 
+ fe tee 
ly 
‘~ 


rm 
ei 








Single-phase 
Type RK 
Y% through 5 hp. 


WAGNER 

CAPAC rTOR-START MOTORS 

provide dependable starts... 
long troublefree life 






hit spot Ava us uy 
esilient mountings r except ill\ 
ALL-ANGLE OPERATION 
The sleeve bearing lesign iractional hip rat os. Nas a positive ibr il nsvsten 
that permits operation in any position. A ingle mounting can mean important say 
y sl I I I lesig t light sp 
\ get these motors trom leading motor distributors your communits 
ind trom Wagner Sales Offices in 32 principa ties. Your Wagner Sales Engineer 
will be glad to help you select the right motor for your application. Wagner 
Bulletin MU-217 gives full details — Mylar-paper laminated 
slot insulation gives top protection against moisture 
° . adds thermai stability, to give more application 
Wagner Electric Corporation seal aid tadiis Wile chaesanieabaamal ean 
6400 Plymouth Ave., St. Louis 14, Mo oads occur “nH. 6 7 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


WAGNER “48" SPLIT PHASE MOTORS ...1/6, 1/4, 1/3 hp. 


Fe 


aS 
ine 


r ic Ww 
‘a ) If you need a small fractional horsepower motor for use on fans and blowers or on 
tarting a wide variety of easy-to-start machines and appliances, you can't beat the Wagner ‘48 
: Type RB Motor. It offers all the advantages of the Type RK described above, with the exception 
rau 


of high torque capacitor starting This smaller, lighter, limited use motor can solve 
many application problems economically 








raue nduced by magnetic torce and 


eddy currents transmits power throug! 


Drives meet NEMA frame specifica 
jons and are produced as stock prod- 
1 and 2 hp (at 1750 rpm 

put) sizes. Whitney Chain Co... 237 
Hamilton St.. Hartford 2. Con: >544 


FLOATING PRINTED CIRCUIT 
CONNECTOR 


Io insure good alignment betwee 
board and connector, receptacle is 
furnished with floating bobbins which 


ompensate tor misalignment between 
rinted board ind re« eptac le When 


ie 


4 





misaligned board strikes chamfer lo- 
ited at each end and along inside edge 
if receptacle cavity, receptacle shifts on 
ts bobbins and allows board to enter 

cavity 

Connectors are available in 10, 15, 22 

nd tacts and 30 and 


44 double-row contacts. Floating 


28 single-row col 


DRY COIL ELECTRO- 
HYDRAULIC SERVO VALVE 


Designed primarily for aircraft and n 
sile applications requiring hydrauli 
flow proportional to small electrical in 
put signals, dry coil, 2-stage servo valve 
is 20 per cent lighter and more « ompact 
than servo valves of similar capacity 


Valve configuration assures high de 
rree of linearity. Differential control 








NEW FINGOR VARIABLE SPEED DRIVES 


NO TUBES TO FAIL. ..NO BRUSHES TO ARC 
. -» NO COMMUTATORS TO BURN 


Fincor variable speed drive packages provide in- 
finite, highly accurate speed control with virtual 
elimination of maintenance and repair. There are no 
tubes to fail, no brushes to arc, no commutators to 
burn. They require no maintenance . . . no lubrication. 


Simple, rugged Fincor units have efficiency compar- 
able to drives using d. c. motors, but overcome the 
disadvantages of both d.c. and previous a. c.-pow- 
ered drives. They have two basic components... .a 
magnetic amplifier and a special, patented, a. c. 
induction motor having a built-in tachometer. The 
desired speed, pre-set or controiled by potentiometer, 
is reached quickly with no hunting. Load fluctuations 
are compensated for automatically, maintaining the 
desired drive speed. Acceleration and deceleration 
are controlled to eliminate shock. 


Standard Fincor units are available with 1/6, 1/4, 
1/3 and 1/2-horsepower motors mounted on NEMA 


56 frames. All models operate on 3-phase, 220-volt, 
60-cycle power and are protected against overload. 


FINCOR nile fov Bulleliw 1257-1 


FIDELITY INSTRUMENT CORPORATION 


1000 EAST BOUNDARY AVENUE - YORK, PENNSYLVANIA 
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AMERICAN INSULATOR CORPORATION 





It’s a Case of PLASTICS with the 
New SCHICK Powershave 


Schick designers were shooting for a new 
sales peak when they conceived the all new 
Schick Powershave that “shaves deep down 





where the beard beg To insure peak 
consumer acceptance for this powerful new 
electric shaver, Schick selected pl astic for 
its case Precision molded by AICO, this 
plasti case gives the Schick Powershave 
Dullt-in color styling, a positive grip and 
rugged dependabilit scr k’s new Power 
snave presents a strong ise for the use of 
AICO lded plastic hieve prod 
improve ent jual enine ¢ d pro 
duction econe 


AICO’S Nook of 


Plastics Knowledge 
ae 





a 
TAPER is merely one of the many im 
portant considerations of good plastics 
design. It is necessary on surfaces per 
pendicular to die parting lines to permit 
easy ejection. Degree of taper varies 
with molding process, wall thickness and 
material used. Taper of 3° (see example 
above) is considered standard. Internal 
wall taper for cup shaped parts should 
be 1° greater than external taper 


by EDWARD J. CAUGHLIN, President 


One of The Men Behind The Man From Aico 


“Teamwork is important in any organization. In our business it is abso- 
lutely essential. No two custom plastic molding jobs are alike. Each has 
its own unique problems. It requires the coordinated skills of many 
experts to produce the best solution to the problems of each individual 
molding job. To obtain top results from any team, authority must be 
delegated along with responsibility. Here at AICO each department is 
headed by an expert who has the authority to make responsible deci- 
sions ... on the spot. This expedites production, eliminates delay and 
assures prompt efficient service to all AICO customers.” 


| GOOD PLASTICS DESIGN 
Makes Cents 


Tool and Die costs are the major 
factors that determine the unit cost 
of a molded plastic part. The de- 
signer, actually, controls the form 
and cost of tooling and molds. A 
plastic part requiring a complicated, 
thus costly, mold will necessarily 
have a high unit cost. Low cost plas- 
tic parts can be produced only when 
the designer appreciates the practi 
cal limitations of die-making. For 
economical production, designers 
should avoid thin sections, deep 
holes, knife edges, thin unsupported 
| ridges, holes and recesses on verti 


cal surfaces and a host of other cost 





increasing pitfalls. AICO has pre 
pared a Plostics Designer's Handbook 
that tells and illustrates how to avoid 
these costly errors. Free copy is yours 


on request check coupon below 





A completely integroted plast 

e molding se ew unmatched 
experience oordinated 
Taciitie neering, Mold 
Building, Compression, Transfer 
Plunger, Injection and Cold Moldir 
plus the molding of Reinforced 
Fiberglas 


AMERICAN INSULATOR CORPORATION 


New Freedom, Pennsylvania 


Please send me a FREE copy of Aico's 
PLASTICS DESIGNER'S HANDBOOK 


Name 
Title 
Company 


Address 
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120 rpm at 1750 rpm input using stand- 


ecm 2 OT 


pressure acts on spool and is balanced 
by restraining springs. Position of main 
spool is always proportional to signal 
current 

Torque motor is polarized relay type 
with rated differential current of 8 ma 
Valve models with rated load flow 
of 2.5 or 5 gpm available. Both models 
measure 3.08 x 1.75 x 1.83 in. Total 
weight 9.3 oz 

Recommended for use with supply 
pressures to 3000 psi and operating 
temperatures from 65 to +275 F 
Interchangeable with most types of 
servo valves used in aircraft and missile 


15 Mill and 
Cooks Rd., Detroit 32. Mich >546 


applic ations. Vickers, Inc.. 


PRECISION SNAP-ACTION ‘ 
SWITCH 


Class 4 Tyniswitch has mechanism with 
bias and stresses in single-piece bery] 
lium-copper blade. Fixed mounting of 


blade midway between actuating and 





Listed at 15 or 10 amp. 124 to 250 
volts i-t non-inductive o Or hp 
Available in anv one of 4 operating 
force ranges. Overall dimensions 46 3X 
x | in. Four standard terminals 
ivailable in. spade (0.032 x 0.250 
inior tab (0.032 x 0.205), solder lug 
(0.032 with diam hole ind No. 4 
screw. Detroit Controls Corp., 590! 
Trumbull. Detroit 8. Micl >547 
° 
SHAFT-MOUNTED SPEED 
REDUCERS 
DUTI-RATED speed reducers with « . 
pacities from 44 to 40 hp are equippt 
with adjustable torque irms, may be 
supplied with or without ¢ osed back- 


stop 
Offered in single and double redu 


tions with output speeds trom lO to 





ELECTRICAL MANUFACTURING 








Mahl Gh A 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 





ENGINEERING NEWS 


Space-Saver Toggle 
Gives Big Switch 
Performance 


When it comes to 
making a real sav- 
ing in space, this 
new SP-DT Heth- 
erington Toggle 
Switch is the an- 
swer. It is only 
11s.” jin diameter 
by 1%.” long. It 
weighs less than \ oz. Yet it breaks 
5 amp. resistive loads at 28 volts de 
(214 amps @ 115 v ac) for 50,000 
operations. 

Best of all, Hetherington’s tease- 
proof cam-roller snap-action gives 
the T3103 the “feel” of a real 
heavy-duty switch. Details are in 
Data Sheet S-3a. 
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Relay, Switch, and Pilot Light Functions 


















































or 


















in One Unit Only '/," x 37,' 


This “control engineer’s delight” 
does the work of two conventional 
switches plus a holding relay and 
an indicator light. All of this is ac- 
complished in only a fraction of the 
space, weight, and wiring needed 
for separate components. 

Once the button is pressed, a 
built-in 28-volt solenoid holds the 
switch on contact until either the 
coil circuit is externally interrupted 
or the button is pulled out. A 
built-in indicator light shows when 
the coil circuit is energized. 

Modifications of this basic Heth- 
erington Holding Coil Switch de- 
sign include a variety of circuit ar- 
rangements. Pull-on and push-on 
pushbutton types as well as a tog- 
gle type are available. Their many 
aviation and industrial uses center 





around jobs where the switch is 
manually “closed” to start an op- 
eration; then electrically ‘“‘opened” 
at the end of the sequence. In an 
emergency, the switch may be man- 
ually opened in the middle of the 
sequence if desired. 
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HETHERINGTON IENC. Dé MAR DRIVE, FOLCROFT, PA. 





The Switch Design That Says 
“NO FOOLIN”’ 


No Tease ... No Deceptive Clicks 
Higher ratings in smaller, lighter-weight 
switches are made possible by this little 


beryllium device . . 
Hetherington snap-action switch. 


139 | 





. the heart of every 


A polished tapered rod operates through 
two compression springs in the shorting 
bar and against the return spring. Its 
lightning-fast, double-break snap action 
reduces arcing and contact welding to neg- 
ligible proportions—even with high mo- 
mentary l 
actually greatest at the point of “make” 
“break” thus preventing deceptive 


“clicks” « 


overloads. Contact pressure is 


r contact teasing 





W-I-D-E Angle Visibility 
from Indicator Lights 
only 114," Long 


Almost 50 percent of the surface of 
these tiny units is useful illumi- 
nated area. Thanks to a specially- 
beveled lens cap, light is “piped” 
evenly throughout the entire lens. 
Full 180-degree visibility is assured 
on either standard or edge-lit 
panels. 

These miniature Hetherington 
Series L6000 lights come in both 
2-terminal ungrounded, or 1-termi- 
nal case-ground styles. Single piece 
terminals and contacts cannot be 
torn loose by heavy wires. Request 
Bulletin L-2b. 
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nois St., El Segundo, Calif 


Over 455 PRECISION push-button Switch Types 
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by R. George Roesch 


Eliminate 
Manual Operations 
for Uniformity 


The efficiency of many manual 
wire-processing operations may 
now appear to be perfect for the 
specific jobs for which they are 
used. The actual efficiency, how- 
ever, is limited by the manual 
operations. It is impossible for 
anyone to do something time after 
time, exactly the same way. Hon- 
est human effort can result in 
some errors. 
Mechanized Wire Processing 
One logical way of attaining prac- 
tical quality control of wire proc- 
essing—has proved to be mecha- 
nized Wire Processing Equipment 
developed for the specific job 


Assuming uniformity of product 
up to the Wire Processing Equip- 
ment, such mechanical processing 
can result in uniform high quality 


every time 





A typical example is this mecha 
nized wire cutter and stripper de- 
signed for shunt coils wound with 


AWG No. 30 Formvar-insulated 
wire. Except for hand loading, the 
operation is completely automatic, 
at the rate of 1,620 coils per hour 
with one operator. 


If you have a production wire- 
processing job, we would like to 
discuss it with you. 


THE ERASER CO., INC. 
1068 S. Clinton St., Syracuse 4, N. Y. 


REPRESENTATIVES: 


There are still a few choice territories 





ypen, offering unusual opportunities for 
service and projit. Write R. George 
Reesch. 
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120 rpm at 1750 rpm input using stand- 
ard V-belt drives. reducers are rated to 
AGMA standards, are available in shaft 
sizes from 1*1¢ to 346 in 

Stock bushings, to adapt hollow shaft 


of reducer to drive shaft of equipment, 


| ock- 


maintain 


standard 
shaft 


position. vet 


are furnished in sizes. 


ing eollars at ends of 
correct allow 
Foote Bros. Gear and 


1545 So. Western Blvd.. 
>548 


reducer in 
simple assembly 
Machine Corp 
Chicago, Ill 


SUBMINIATURE DECADE 
COUNTERS 


lvpe M6744 occupies only 


less than 5 per cent of volume of com- 


249 CU. IN 


parable vacuum tube decades), has a 
max frequency of 1 me, measures le 
x 1446 x 1% in 

Consists of 4 binary circuits separate 


cartridge 


individual 


ly constructed in 





assembly, each of which is independent- 
ly usable as a flip-flop or binary stage 
Each binary module is replaceable in 
lecade and packaged with hermetically- 


sealed header. A 14-pin miniature plug 


provides access to 8 binary outputs 
Also available 1 BOO ke and 400 ke 
dels. All models utilize principal 
ltages of ( 6 and 18 volts 
ind lesigned operate n range 
t wc Yt 55. ( Outy ( Its 
implit de with 0.1 ywseec rise time The 


Walkirt Co.. 141 W. Hazel St.. Ingle 
wood 3. Calit 


COUPLING REQUIRES NO 
LUBRICATION 


The 162M 
1800 


coupling can take up to 
offers 


tages of no lubrication and interchange- 


in.-lb and 


torque advan 


ible bushings 
Ny lon 


lubrication 


Injection-molded 


make 


feature. 


gears 
possible the no 
Gears, held in place on steel hubs by 
make 


contact with steel sleeve 


spring rings. smooth, resilient 


bushings are avail- 


Interchangeable 


4 


> 












Shaft 
; Mounted 


9 GEAR 
REDUCER 









e Eliminates Motor Bases... Rails 
... Supporting Structures... 
Shaft Couplings 


e Ends Alignment Problems 


saving 
int- 


asily 


Provides a compact, space 
power transmission unit for cot 
less industrial applications. E 
installed direct to driven shaft 
Mounts vertically or at any angle 
Affords infinite speed ratios through 
use of variable speed pulleys or by 
changing sprockets or 
prime mover speed. Simple adjust- 
and turnbuckle main 
tains proper belt tension 


shea‘ es, 


ment of rod 


18 models: 
Single reduction types 98°). effi- 


cient 4.5:1 nominal speed ratio 


Double reduction types 96° effi- 


cient 14.7:1 nominal speed ratio 


Horsepowers: fractional to 120 
Output speeds: 8 to 425 rpm 


Hollow shaft sizes: 1°," to 5!5,”" 
maximum bushings available to 
accommodate smaller shafts 


Roller backstop: available where pro- 
tection against reversal of direction 
is required. 


Torque reaction bracket: furnished 
for units with platform-mounted or 
reversing drives. 


Request Catalog R-58 for complete 
information. Give aprtication data 
for specific recommendation. 


Ue ea ee 


4802 w. LAKE ST. + 





CHICAGO 44, iLL. 
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able for shaft 
in. Steel hubs 


sizes from 4 in. to 1% 


4 


a steel sleeve and snring 








EFFECT OF TIME AT TEMPERATURE IN AIR ON THE ELECTRICAL RESISTIVITY OF O10 “A NICKEL & OXALLOY CLAD COPPER WIRES 


Poe ek tee Lt 
ne a 


Resistivity Ohms/Cir Mil Ft 


ime at Temperature, Hours 





—nothing else is SO Stable, = coke on mmm 
—— wire supplier with complete 


for so long, at such ==> tection for beth plating 


and cladding wire. This 
makes it possible to provide 


high temperatures 


you with an experienced, 
objective recommendation 


: as whethe plated or < 
OXALLOY 28 is Sylvania’s new copper long periods of time—then OxALLoy 28 ee as to whether a plated or a 


t . 
7 clad wire is best suited for 
wire clad 28‘, by weight with a chrome is meant for you. Compare the rate of = . 


oa . ; ad your application 
iron alloy. This cladding provides change in resistivity of pure “A” nickel = : 


. : , = In addition, Sylvania’s 
excellent oxidation and corrosion-re ind Sylvania’s new OxALLoy 28 - ; ties 


. 1 | Parts Division offers you a 
sistance at high temperatures, Making We would like to supply you with complete a a a 
4 i > . > aly ] > a 1 

. OXALLOY 28 extremely reliable during — , omplete data on other properties of - parts and components. 
prolonged exposure to temperatures as 


OXALLOY 28, Sylvania’s new clad cop- ‘ *Trade-mark 
high as 1300° F. 


per wire. Write to Sylvania Electric 
If, in your wire application, high Products Inc., Parts Division, Warren, 
conductivity must be maintained for Pennsylvania. 


Custom Molded Plastics 


ae PARTS Custom Metal Stampings 
yy Custom Welded Parts 
7 Alloy, Clad, Plated Wire 


Plated Metal Strip 
LIGHTING + TELEVISION - RADIO - ELECTRONICS Electronic Components 


PHOTOGRAPHY + CHEMISTRY-METALLURGY Fivorescent Components 
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General Electric’s ... 
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HOW RIVERSIDE-ALLOY HELPS YOU 
PICK THE RIGHT STAINLESS 


VAST VARIETY — Knowing your 
problem, Riverside-Alloy cansupply 
a stainless steel particularly suited 
.in wire, rod, or 
strip form. Or, lacking a stock steel, 
Riverside-Alloy will work with your 


to your needs... 


engineers to develop new varieties. 


SPECIAL STEELS— Riverside-Alloy 
can supply special stainless steels, 
too—fully soft or spring temper... 
magnetic or non-magnetic .. . for 
springs or staples, woven baskets 
or egg beaters, in just the size and 
finish you need. 


FREE CONSULTATION Let a 
Riverside-Alloy representative dis- 
cuss your problems with you. Since 





1919, these steel specialists have 
been available for consultation and 
advice, without obligation. For the 


name of your nearest Riverside- 


Alloy representative, write: 
Alloy Metal Wire Worl 
Riverside-Alloy Meta! Division 
H. K. Porter ¢ ‘ompany, 
Riverside, N.J. 


Ine., 


7 
ts Pei Pe esa 


FOR FREE CATALOG, 


anette ‘Design Handbook 
of Stainless Stee 
Zhe In your 
tter 4 t the 
jdr above 


Hi. K. PORTER COMPANY, INC. 


RIVERSIDE-ALLOY METAL DIVISION 
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able for shaft sizes from 4 in. to 1% 
in. Steel hubs. a steel sleeve and spring 
rings complete the 162M 

Weighs only 615 lb. and is compact 
enough to fit on short shaft extensions 
John Waldron Corp.. P. O. Box 79] 


New Brunsw ck, N | >550 


POWER AND SIGNAL SLIP 
RING ASSEMBLY 


\ 48-ring assembly designed for con 
bination power and signal use can be 


ipplied to rate tables, missile flight 


simulators. and radar missile trackir 


units. Assembly can be used for con 


] 
‘ 


‘a 


bi 


mT 
RAL Li LiL 


‘ 
. 
LJ 
ee 


ae! 





binations of circuits for gvros. therm<e 
couples. radio. radar. serve motors 
heaters and distributing circuits 
Specifications: ring dian including 
brush block—6°. i heigt | 
botton 15 rre g 
(sn illes I ges gs 4) 
p. Hypot test 2000 | 60) es 
r lOS we gs ‘ 
-tood 
Us 
plat j g ts re 
phite: ring leads insulated with Teflo 
Supe Carl Prod s. | | 
(Ce g Ave ( 15 O >5S5] 


GERMANIUM TRANSISTOR 
PLUG-IN CIRCUITS 


Family of 250 ke plug-in circuits using 
germanium transistors - designed 
timing. control and computer systems 
features inter-circuit compatibility 


Circuits are enclosed in a metal case 


) 


in. diam with seated heights of 
in. When mounted, total space required 


is 1 sq in. per case or 2.18 cu in. per 








General Electric’s ... 


STANDARD TREATMENTS FOR 
DRY-TYPE TRANSFORMERS HELP 
YOU DESIGN FOR LOWER COSTS 


GENERAL ELECTRIC’S 
10 STANDARD TREATMENTS 


TREATMENT TREATMENT PROCESS 
CATEGORY PURrOss AVAILABLE 


Impregnetions Varnish pressure-vacuum 
Polyester pressure-vacuum 


Low viscosity epoxy polyester 





With these 10 standard G-E treating processes, you can 
economically solve practically any commercial or military 
dielectric and environmental transformer requirements 
You know the transformers 1 specify are the ir f transformers with pressure hoses, solvents, and alkalis 
best, the most economical { r your design. That’s why Gen zaller, lighter-weight trans 


1 Electric now offers you 10 STANDARD tre ating prox formers for electronic and MIL-T 


esses n se trom when jy inaves ( electric 


7 ] ree s+ + r 
-27 military applications 





t ee ne ene eee vhere temperature nad humidity requirements are critical 
and environmental protection requirements. These 1 ; ‘ : 
: ae ed to provide transformers w Crue 
STANDARD treatments help reduce the cost of meeting reese eldbnonnsdaat ccaesnlpaenal Saabs seealllag weninancseisiibe ieee ie aa 
: - ree, surge-resistant performance; increased mechanical pro- 
ur special requirements. As a result, you save money i ~~ : Tee 
a le Zz P + 4 r DE 
ire assured of getting the treatment or combination best i ns ; rn 


suited to your design needs No matter what your specific design requirements may be, 














. it will pay you to investigate how these 10 AND: 

Here are some of the design problems these 10 STANDARD ll p : : om se 10 ST ANDARD 
Gener ments for transf ers can help you 

treatments can help you solve: ys 
, solve I : lems. Contact your nearest G-E Appa- 

they can bh sed to provide drv-tvne transformer ith the ae : . - 
@ th a a DE oe tO provide ary aa Re ee ans! eee with tn ratus Sales Office now to see how General Electric can help 
ee = e rosy Aan eR Se ers you cut General Electric Company, Sec- 
Pp arable liquid-fille 1 transformers to reduce size and weight tion 412 Wayne. Indiana. briefly describing your 





GENERAL ELECTRIC 
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@ they can be used to provide protection during the clear transformer requirements 














ELECTRO TEC CORP. 


P.O. Box 37F SOUTH HACKENSACK, N. J. Pat. No. 2,696.57 
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The Fut... 
wedge 
action 


1526 


New concept...High reliability... 
Rugged construction 


A completely new and original concept in relay design. Unique 


“Wedge Action” contacts have solved the problem of reliability 
under rugged environmental conditions. 

The high reliability and exacting performance demanded by 
developers of complex electronic systems is offered “‘off-the- 


shelf”’ in the Electro Tec Mark II Relay. 


This exceptional relay is the result of advanced engineering, 
careful selection of component materials, sound structural de- 


sign, and absolute quality control during manufacture 


“Wedge Action” effectively burnishes contact surfaces during 
every operating cycle, reducing resistance to micro-level currents. 
It renders the relay extremely shock and vibration resistant 


Write for illustrated literature 
i 


Products of Precision 
Craftsmanship 
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case, Cases may contain more than one 
circuit, are not potted, and can _ be 
opened without special tools. Eng 

neered Electronics Co., P. O. Box 659 


Santa Ana. Calif >55? 


RIGHT-ANGLE GEAR 
REDUCED MOTORS 


Line of gear reduced motors is desig 
for right-angle drive applications 
Motor is type FC (1.675 OD operat 


ing on 115 volts a-c OU cycle “In le 





EF 





phase or 220 volts a-c 60 cycle, 3-phase 


Motor has shielded life-lubricated ball 
bearings and reducer has sintered 
bronze bearings. It is a capacitor-rur 
motor on single-phase and can be fur 
nished as hysteresis-synchronous or in- 
duction type 

Reducer consists of one or 2 stages 
of worm-gear reduction, as required 
Output torque depends on reduction, 
motor having nom. torgue rating of 1 
in.-oz. Furnished with 2, 4 or 6-pole 
windings. Globe Industries, In: 1784 


Stanley Avenue. Dayton 4, Ohio >553 


GENERAL-PURPOSE RELAY 


Designed for general-purpose ap] 


fions Frame 214 relavs combine 
ict reliabil Ww + 
elont. Grade I | j 
ylas ila i s pe 
=sures st Lits vi leg 
vuard agall failure esul g 
m pe if i I ‘ g A 
1 ! pe nt . ’ 
‘lignment 
Available in SPDT, DPDT and 3PD1 
volts a ind ils to 115 lt i-c and 
lc. A-C types operate over range of § 
~ 
— 
a 





EPON RESINS 
... preferred for potting 


If potting, laminating, sealing or encapsulation 
are factors in your operation, you should 
investigate Epon resins. Because they provide a 
unique combination of desired electrical and 
physical properties, they are finding increased 
use in many phases of the electrical industry. 
Potting and Encapsulation ... Epon resins 
offer remarkable adhesive properties, forming ’ eee ee ' 
strong bonds to metals and glass, and creating ee cs wace ate weer une ati 
airtight enclosures for sensitive components cae rail pella aaa BE 
and vacuum tubes nensional stability. 
Sealing . . . Epon resin-based compounds are 
ideal for moisture sealing even at elevated 
temperatures. 


Laminating . . . Epon resin, laid up with inert 
fibrous fillers, produces laminates with superior 
dielectric properties and moisture resistance. 
Epon resin laminates can be dip soldered, 
sheared, punched and drilled, and provide 
excellent dimensional stability. 


And, solvent-free Epon resin adhesive : cal lif ae 
. sections ol mé etic ampiin COus, W 

formulations . . . between glass, metal, or Se ee ee 

lastic ' : ee } F embedded in Epon resin, have exceptional 
plastic ...cure at room temperature with istance to solvents and chemicals 
contact pressure alone. 

Can Epon resins solve a production 
problem for you? For assistance and 
technical literature, write us now. 


SHELL CHEMICAL CORPORATION 
CHEMICAL SALES DIVISION 


Atlonta e Boston © Chicago « Cleve 
IN CANADA: Chemical Division, 
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v 60—CPS MAGNETIC AMPLIFIER 


Initial stand-off error (zero off- 
set) of this Ferrac DC-to-DC 
instrument type magnetic ampli- 
fier does not exceed +120 milli- 
volts with changes in operating 
and environmental conditions. 


Magnetic DC Amplifier Has 
High Stability and Long Life 


For industrial automatic controls and ground 
military tracking equipment, Ferrac magnetic 
amplifiers provide exceptional stability. These 
hermetically sealed units require no bias or 
compensation; null balance is permanently built in. 
They operate directly from 115-volt 60-CPS power 
line. Standard units are available from current 
production for general purpose, thermocouple 
amplifier, integrators, and high gain 
(5 volts out for 100 microamperes in). 


Circle 197 on page 17 


to 110 per cent ot nominal voltages. d-c 
types over range ol 80 to L110 per cent. 
Each relay individually tested and ad- 
justed tor proper contact pressure, con- 
tact gaps and operating performance. 
Each unit gets a breakdown test of 
1000 volts a-c between all components 

Open types and types enclosed in 
clear plastic with octal bases are avail- 
able. Open types are 1% x 114 x 1%¢ 
in.: enclosed types are 244 in. high (not 
including octal base) by 1'42 in. sq. 
Struthers-Dunn. Inc... Lambs Rd... Pit- 


man, N | »554 


PRESSURE PICKUP 


I'yvpe 4-322. with unbonded strain-gage 


sensing element in stainless steel ‘ ibe 


will operate on line pressures as high 


as 350 psi while measuring 
in ranges ot 7.5 =i25 
+50 psid 

Pressure against force-summin 
phragm produces displacement of 
sing element. which changes re 
of active arms: this causes elect 
output proportion ilto applied pressure 
Design makes it less sensitive to ten 
perature variations, vibration and ac- 
celeration. Consolidated Electrodynam 
ics Corp 300 No. Sierra Madre Villa 
Pasadena. Calif »~555 


MINIATURE COIL LEAD WIRE 


Code MILAC miniature hookup wire 
combines good electrical characteristics 
ibrasion resistance and small size Pat 
ticularly suitable as a coil lead wire to 
withstand coil impregnating tempera 
tures without insulation deterioration 
Small diameter makes it possible to 
conserve space where several wires are 
bunched in process of equipment wit 
ing 

MILAC furnished in sizes No. 26 
through 20. with stranded or solid tin- 
ned copper conductors. The 90 C thin 
wall extruded plastic is covered with 
lacquered cotton braid. One foot im- 
mersed in mercury withstood 6000 volts 
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ZY DEVELOPMENTS IN NICKEL AND 
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Spotwelded Monel diaphragm 
actuates ingenious in-artery 
blood pressure gauge 


LOS ANGELES, CALIFORNIA: — 
This ingenious tranducer, Model 
»23D, measures pressures in heart 
arteries. Blood from cardiac catheter 
impinges on diaphragm (arrow) and 
moves a tiny armature. Resultan 
modulations in four strain-sensitive 
filaments, connected as a Wheatstone 
bridge 


+ 


, are rec orded. 

Statham Instruments precision 
machines the body secti ns from 
“R” Monel* free-machining nickel- 
copper alloy. For fatigue resistance, 
diaphragm, spotwelded to holder, is 
Monel* nickel-« opper alloy. 

ll 


alloys effectively resist corrosion by 


\ 





blood and hospital solutions. ‘2) 
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8000°F Hollywood “sun” 


Mole- Mehardeon Co. ” “Brute” (on studi 


catwv » d € ~ 
any other dic rce. It operate 
) Ss y 7s 

225 ampere nd 7 re \ 


Heatless welding for thin gauges 





Metals like copper and aluminum in 
“foil-gauges” are now welded ultra- 
sonically without melting or significant 
deformation. Photo shows “Sonoweld” 


unit joining conductors for wafer 
transformers under development by 
American Machine & Foundry Co. 


4», 


INCO. THE INTERNATIONAL NICKEL COMPANY, INC. * 67 Wall Street * New York 5, N. Y. 


TREAQOE mate 


Vagnetostrictive “A” Nickel 

transducer provides energy 
WEST CHESTER, PA.: — A new 
welding process. ‘“Sonoweld”’, h 


} } - £ 4) } +} 1° 
caught the ear of the electronics in- 





dustry. Developed by Aero-projects, 





Inc., it produces a metallurgically 
sound weld — by means of high- 
freq iency al pbrations — 
eithe the ( mn ¢ hea 

To establis n welding energy 
‘Sonoweld” relies on a laminate 





stack inaad icer made from Elec- 
tronic Grade “A” Nickel, a rugged 
magnetostrictive material. In 
periodic elect ro-magnetic fie Id, 
nickel undergoes rapid ily alternating 
length-changes. This vibration is 
instrumental in prod icin ng the weld. 

The m agne tostrictive effect of “A” 

Nickel is relatively large, and is use- 
ful over a wide frequency range. 
““A” Nickel also has high resistance 
to fatigue, heat and corrosion, and 
is easily fabricated. 


throws light on 


HOM a YWOOD, CALIFORNIA: — 
The carbon arcs of Hollywood “suns” 
go to 8000°F or more. Away from 
the arcs temperatures fall off; yet 
me parts of the actuating mechan- 
ust operate in damaging 
‘atures. 
are these parts made of and 
how do they withstan d the severe 
heat, oxidation - d carburization? 
In the Ty pe 450 Mola re, nick- 
named the “‘Brute’’, four nic ke} 








ntaining mat als rae“ he 
punishment. a nel* nickel-chro- 





loy is used for a shield (close 





arc where heat is greatest 

(where heat 
endangers spring properties). The 
brush itself (see small photo) is 
Inco *‘A”’ Nickel. Monel* nickel- 
opper bolts secure leads and other 


4 


1e 
and aa brush springs 





“A” Nickel split disc ical 2% 


inches in diameter and 1 inch thick 
grips carbon elec 





trodes. 

heated components. Brush housing 
and pressure rod are 18-8 stainless 
steel. 

All _— parts get hot... red hot 
he case of the Incon ie] shic 1d. Yet 
they skal up for picture after pic- 
t , year after year. One look at the 
ever-bright brush contacts 


why. All contain Nicxel. 
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a-c. Insulation resistance approximately 
200.000 megohms. Furnished in all solid 
FOR: colors and tracer combinations. Lenz 
Electric Mfg. Co., 1751 No. Western 


id 
Guide Ave... Chicago 47, Ill >556 


Bushings, 
Vanes 
and 


Weer a is HEAVY DUTY RELAY 
ings | ; 
Series 300 relay can receive a large 


variety of input signals at low power 
levels, controls up to 5 amp loads on 
signals of milliwatt range 


Electronic Bushings, Automatic or manual reset controlled 


HAVE YOU ert te] by internal slide switch. and fast re 


Cry] 


CONSIDERED [pre ) 


THE IMPORTANT 
ADVANTAGES OF 


ET ERED 


FILLED TEFLON*? 


Formed 
Gaskets 


eveling rale Encased in steel housing 
with knock-outs for ease of installation 
ind panel mounting 


Input mower 115 volts. 50 to 60 
Valve I | 


Seots 
and 
Packings Datascan. In #8 Notch Rd. Little 

Falls. N. J >557 


eveles, 15 w. Output switching: SPDI 


contacts. rated 5 amp non-inductive 


It has been definitely established that the value of Teflon can be PACKAGED SERVO 

considerably enhanced by the use of fillers in certain applica- 

tions. Laboratory and field experience has demonstrated that the COMPONENT 

use of fillers permit Teflon to be more readily tailored to a wide Packaged servo component consist= ot 
variety of chemical, electrical and mechanical applications. Also, integral combination of 2-phase instru 
some mechanical properties can be improved. These include: ment servo motor, gear reduction. sliy 


: lutch and precision potentiometer 
1) resistance to deformation under load s 


2) resistance to wear ind aligning separate units, has appli 
3) thermal conductivity ation in balancing. positioning and 
4) compressive strength computing servomechanisms. Additior 


5) hardness of integrally-mounted a-c tachometer 
with 0.5 per cent linearity makes it 
By thus improving its properties, Teflon now offers even greater complete integrating servo. 
industrial potential. This is the reason filled Teflon has become Built-in slip clutch factory-adjusted 
an important item in the “John Crane” Chemlon® line of better 
Tefion products. 
Chemlon is available with such fillers as glass fiber, carbon, 
graphite, copper and bronze, talc, calcium fluoride and other 
inorganic materials. 
Tell us about your requirements. We’ll tell you the advan- 
tages you can get from filled Chemlon. Request Bulletin T-104. 
Crane Packing Company, 6424 Oakton Street, Morton Grove, 
Illinois, (Chicago Suburb). tn Conodo: Crane Packing Co, Ud , Hamilton, Ont 


Servopot eliminates mounting, testing 


*DuPont Trademark 
—< a 


_ Cy \heccs 
@ a=») N. yy —<— 


MECHANICAL PACKINGS HAF 


CRANE PACKIN. 
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Fractional Hp brushes need evaluation ? 


—_ 


| Pag TESTING LABORATORY 


NATIONAL CARBON’S testing laboratory 


can help improve your small motor performance! 


Selection of brush grades for are constantly testing all sizes and grades of small 
fractional horsepower mo- brushes, solving customer’s fractional horsepower 
tors is not easy. Often, ex- brush problems, and perfecting new designs for longer 
haustive tests are necessary brush life and minimum commutator wear. 
to assure efficient motor per- For details on how you can have brush tests con- 
formance in actual service. ducted on your equipment, call your “National” Car- 
National Carbon Company offers expanded labora- bon Brush Man today, or write National Carbon 
tory facilities for the scientific selection of fractional Company, Division of Union Carbide Corporation, 
horsepower brush grades. Here, skilled technicians 30 East 42nd Street, New York 17, N. Y 


TESTING LABORATORY 


UNION 
National”, ""N” and Shield Device, and "Union Carbide" are registered trade-marks of Union Carbide Corporation dL 
NATIONAL CARBON COMPANY - Division of Union Carbide Corporatian - 30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto. 
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2400 volt overload protection for General Electric's new 50kw broadcast 
transmitter in service at station XEAK Tijuana, Mexico. 





One Cyclo CIRCUIT BREAKE 


For fast, reliable overcurrent protection 


with JENNINGS VACUUM RELAYS 


Rapid, reliable overcurrent protection was high 
on the list of design objectives set by General 
Electric engineers when they built their new 
BT-50-A broadcast transmitter. Jennings RH4G 


high voltage vacuum switches mounted as a 














normally open Model E relay were chosen 
to provide this protection because they 
RELAY | offer: 
@ Positive interruption ot first current zero 
OVERCURRENT | 
RELAY 


in ac circuits, limiting arc time to less 


than 8 ms 


@ Simple push-pull mechanical action op- 
erated by a 115 vde solenoid modified 
to permit fast drop out 


CONTROL | 
@ Contacts sealed in a vacuum so they re- 


quire no maintenance and eliminate 


the danger of fire and explosion. 


‘Open vacuum relays as supplied to General Electric, Jennings 
circuit breaker units composed of a high voltage instantaneous 
relay, a norme!|y open vacuum relay, and a control box, any of which 
seporaiely, The overcurrent relay is a highly sensitive trip mechanism 
: insulated from ground. Wired to a normally open vacuum switch 
operate times ore only 6 to 12 milliseconds from the time the fault 


with Jennings High Voltoge Overcurrent Relays or with any conventional low 
verci relay. They can be wired for 3 phase simultaneous operation with 


Th) 
'=mRADIO eg 


Se aL ae ey 


“Write today for full details on Jennings line 
2 ‘of overload circuit breakers for complete 
“protection of delicate electronic equipmen! 
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to permit serve operation into potentio- 
meter stops without damage. Standard 
potentiometers feature 0.5 per cent 
linearity, available from 35 to 80 k 
ohms. Single. multi-turn. and non-linear 
models available. Diehl Manufacturing 
Co.. Somerville. N. J 


> 558 

TEMPERATURE MONITOR 
Any temperature trom LOO lo 
3000 F can be monitored or con- 
trolled by the units which measures 
Il}, in. x 4454 in. x 4%4 in. Complete 
controls ready to connect tu therimo- 
couples and ~ource ot power | ich 

= -_- 


Lil Thee 





monitor contains sensit 


Ve ne ela 
ind 5 imp load relay. pl is transformer 
nd rectifier or other components 
ype of control required 

Control action may be automati 
and-off for maintaining set tempera 
ture. or limit with external reset. There 
are also self-releasing (pulsing ind 
eveling (interlocked types. By sub 


stituting an external indicating meter- 
relay. monitor becomes an indicating 
and controlling pyrometer. 

An R-C type interrupter is used for 
fast response in the automatic control 
with sensing evcles under 5 sec. For 
evcles up to one minute or more, mo 
tor-driven interrupter may be = sub 
stituted. Power may be 115 or 230 
volts. 50 to 400 evcles. D-C models 
available. San Gorcinto Div.. Assembly 


Products. Inc... P. O. Box XX. Palm 
Springs. Calif ->559 


DIGITAL CLOCK 


Model 2600 produc es multiple, digital 
representations of time to nearest sec- 
ond, suitable for providing time data to 
logging systems, data handling systems 
and computers. Up to 3 independent, 
parallel, decimal outputs available in 
one unit, with time resolutions of sec- 
onds or minutes. 

Designed for relay rack mounting. 
requires only 31% in. of panel height. 
Dimensions are 3% in. high x 19 in. 
wide x 12 in. deep. 

Clock can actuate all parallel read- 
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TIMERS...SPECIAL DELIVERY 


Standard or 
special — 
Industrial Timer 
makes 

rapid deliveries 
on all models 


Speed up your 
| automatic 
‘Timers | ~—=«ontrol projects — 
profit by our 
timing application 
experience 













Sometimes you need a standard No need to let tim ng problems 
model timer other times you you in your automatic 
da special Either way W control projects when you can 
can give you the extra rapid ice them with us and get 
ervice you may need because ster solutions. Even though 
of the efficient way we design, t > autom c control obs 
I Ud ¢ and stock timers r exactly alike, and even 
for ind applications igh the timer requirements 
To meet all of the widely ch are very different we 
varving needs of our customers established an excellent 
we manutacture a complete | ne es elping out in these 
of timers in the four broad clas- ’ 

Ccotines ieateotell tae Running Time | 20 years of experience in an- 
Meters i yzing complex timer applica- 
1. TIME DELAY TIMERS tions has provided us with the 
2. INTERVAL TIMERS special Knowledge required to 
3. RE-CYCLING TIMERS give our customers the right an- 

4. RUNNING TIME METERS swer in near-record time 


Our large stock of standard 
and combination timers enables 
us very often to fill orders for 
these requirements without any 
time loss because we have al- 
ready developed so many new 


From these we have already 
developed 20 basic types which 
can be combined in endless ee 
number of ways . . . to date, 
our engineers have combined 
them into over 1000 different 


models. So what might seem to 
be a special timer requirement 
to you, will very often be a 
standard timer in our large 
stock, and that is the reason we 
have the ability to fill special 
orders so quickly. And as far 
as standard timers are con- 
cerned we can give overnight 


service if necessary. 


So, for the utmost in all- 
round service depend on us for 
this outstanding combination: 
deliveries “Immediate on Stan- 
dards . . . First on Specials”. 





combinations specifically for 
automatic control functions. 

Extra special automatic con- 
trol timer —this calls for 
original designing. Our engi- 
neers will go right to work and 
get the job done. That’s the way 
we grow and we like it. 

Whatever your control prob- 
lem, you have everything to 
ain by submitting it to our 
mer specialists. They'll come 
up with the answer — almost 
with the speed of automatic 
control itself. 


o 
il 


AFFILIATE—LINE ELECTRIC COMPANY 


liSusta. 
Timers that Control TIMER= | 


the Pulse Beat DA Industry 






INDUSTRIAL TIMER CORPORATION 


1411 McCARTER HIGHWAY, NEWARK 4, N. J. 
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out devices such i> Lape printers 
parallel punches and digital displays 
Parallel output provides an externally 
wired common lead for each digit 
position, permitting ease tT conver 

sion to serial mode lor actuating 
TEXTILE SERVED tape pune hes, magnetic tape units 


typewriters and teletype equipment 


Chrono-l og Corp Box 4587 Philade 
I 
phia 31. Pa ->560 


.. available in sizes, films and 
coverings to serve your require- STATIONARY ARMATURE 
ments. Every spool is made to the MAGNETIC CLUTCH 
highest quality ... reasonably 
priced. Delivered to you when you 
need it! 


Model SAC 181 has stationary arm: 
ture, avoiding need for slip rings and 
brushes. Design incorporates a friction 


facing of poleshoe to assure smoot! 
WIRE: #20 to #50— Bare and All Films —LITZ, STRANDED, 
RESISTANCE, ALLOYS, SILVER PLATED, etc. 


TEXTILES: NEMA, JAN. (Or your own)—SILK, NYLON, CELANESE, 
COTTON, GLASS, DAGLAS*, etc. 


Yes, BRIDGEPORT is set up to deliver the right combination 
of textile-covered magnet wire on an immediate delivery sched- 
ule. Try us! (*) DAGLAS is a Phelps-Dodge Reg. Trade Mark 


CONSULT OUR SERVICE EXPERTS 
SEND FOR SAMPLES AND PRICES 


The BRIDGEPORT INSULATED WIRE CO. 
53 BROOKFIELD AVE. e@ BRIDGEPORT, CONN 


Manufacturers of ¢ Round Magnet Wire * Textile Served Wire ¢ Solerable Enamel 
* Silicon Enamel * Stranded Alloy Wire * Heating and De-Icing Wire, etc. 





sensitive torque control and eliminate 





scoring of triction surtaces 

Flexible membrane poleshoe as-e! 
bly provides torsienally rigid unit has 
ing zero backlash and zero residual 


drag. allows angular misalignment up 





to 3 deg between driving and drive 
shafts 
Overall diam is 1'¢ in., axial lengt! 
including mounting hubs is 1 
Rated to deliver min. torque of 7 i 
at full power; power consumption 
under 4 w. Dial Products Co... 9 Avenue 
f Bavonne. N J >561 







MailMaster 


with the flexible 


wire fastener. 


CONNECTOR ACCEPTS BOARD 
THICKNESS OF 1 16 TO ‘2 IN. 


Design permits connector to accep 


The extra strength printed circuit boards that vary in 
and light weight of thickness from 6 to ‘s in. Spring grip 
. action Is positive over entire contact 
Mason’‘s famous a 
shipping box makes Self-alignment of “Bellows”  con- 


it the ideal package tacts also allows for residual warpage 
for in-plant storage 
and assembly. 


THE 


aon 


BOX COMPANY 


ATTLEBORO FALLS, MASSACHUSETTS 
NEW YORK —175 FIFTH AVENUE 


4 $ 4 4 
« « . « 


F > + y < , . , 7 
€ we ¢ a ¢ a Ig © wr ™ A! oe —_ 
x / 1.7 f 4 i i 4 [ 
Ya / 4 A y 
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Write Today for Colorful Catalog: Dept. BI 
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1 QUICK INSTALLATION! 


No groping or fumbling. Square D provides lots of 
wiring space, plenty of knockouts, handy and 
clearly marked pressure wire connectors. 


2 TOP PERFORMANCE! 


No needless downtime from coil burnout, mechan- 
ical binding, contact freezing. Square D provides 
an extra-capacity magnet with a tough and cool- 
operating encapsulated coil to handle additional 
poles and interlocks—a guided single moving part 
—big silver cadmium-oxide contacts with strong 
finger springs — arcing yokes on larger sizes. 


3 REAL OVERLOAD PROTECTION! 


No change in trip characteristics because of mis- 
matched parts supplied separately for field assem- 
bly, no distortion of heater in installation. Square D 
provides melting alloy unit construction—factory- 
assembled and individually tested for bull's-eye 
accuracy. Also bi-metal and magnetic designs for 
automatic reset or adjustable trip applications. 


es 
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—That’s Why You Give Your Customers an Important ‘‘Plus’’ 
When You Specify Square D Starters 


Toy 


4 EASY INSPECTION 
and MAINTENANCE! 


Nostarter is “maintenance-free.” But Square D makes 
the job easy. Inspection is a breeze. No need to re- 
move wiring for contact replacement or take the 
starter out of the enclosure to change coils. 


5 WIDE-RANGE ADAPTABILITY! 


No need for excessive inventories to avoid costly 
waiting for non-standard arrangements. Square D 
provides “off-the-shelf” kits for changing contacts 
and coils, adding pushbuttons, selector switches, 
and up to 4 double-throw auxiliary circuits. 


Send for the COMPLETE Story! 


Square D Company, Dept. 47 
4041 North Richards Street, Milwaukee 12, Wisconsin 





| 

| Please send me your new bulletin with detailed proof that 
| Square D offers me my best starter investment. 

| eee tea 
CR creme 

| Address. 

! City one__State 


md 


a 


on page 17 








207 











no magic 


} / a / / : “W\ Inexpensive method ot color-coding 
f \ | / ° punched laminated-plastic panels in vir- 
f \ s ~ 
/ \ ,. “ just tually any number of colors and on any 
' / aN rs 7 \ 
/ : : 
4 AC \ vy hv er 
/ \- / \ ae s7wV4 
\ 
5 
4i7ti 
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, TRANSPAC 


Transistorized 


= PC-AC 
INVERTERS 


Transpac® semi-conductor inverters convert 
low voltage DC into AC, eliminating the dis- 
advantages inherent in rotating or vibrating 
mechanical equivalents. These designs also in- 


corporate exclusive features found only in the 
ERA line... 


\ 


- SSS” 


Trade Mark Registered 


SELF STARTING ... utilizes diode starting network for positive 
starting under all operating conditions. 

ADJUSTABLE FREQUENCY ... . incorporates frequency adjustment 
control permitting exact setting for any given input or out- 


of board. Extra rugged molding ot 
glass-reinforced Plaskon Alkyd 446 
(MIL-M-14F. MAI-60) supplied 
with mounting bushings which allow fo 
Fifteen 


terminations for No. 


1 ype 


have 


20 AWG 


self-alignment 
solder lug 
wire. Electronic Sales Div., DeJur- 
Amsco Corp., 45-01 Northern Blvd., 
Long Island City 1, N. ¥ >562 


contacts 


COLOR-CODING PUNCHED, 
LAMINATED-PLASTIC PANELS 





S1Z¢ panel has been de veloped for ap 


plications in electrical and electronics 


helds 


Coding ean be printe don anv type of 


applications such as con 


laminate for 


nector plates, motor and generator ter- 


minal panels, printed circuit terminal 


strips and a variety of radio, television 


and other electronic parts. Coding is ac- 


] 


complished through use of a special 


automatic printing system which prints 


~ all panel coding in a single operatior 
‘E’ CORE DESIGN... decreases effect of temperature and environ- after the panel is punched. Taylor Fibre 
mental conditions. Uniform performance unit to unit. Co., Norristown. P >563 


SUBMINIATURE MEDIUM- 


put conditions. MU TRIODE 
} SYNCHRONIZING INPUT... provision for external synchroniza- The 6814 
. ° ° ° = > > 52 l - ysten ow- t 
4 _ tion for exact frequency duplication of outside frequency source. : ; peace ae orn . 
, DE-SPIKING NETWORK prevents build-up of excessive “ee i oe ae oe nrg 
A voltages insuring long life and reliable operation. peer a “ Pilad ee ee a 
¢ RELIABLE DESIGN .. . no damage due to accidental reversal of ae Ss ee ge 
9 polarity. Overload and short circuit protected. equipment, suited for use in pulse- 
a amplifier, inverter and cathode-follower 
. STANDARD MODELS . : 
— : : circuits of high-speed, digital-type elec- 
“Model Input Output Output Frequency Size Weight Price, FOB 
aS No = vb VAC VA cps Inches Pound Factory tronic computers. 
1T616 ll 15 60 2.( $ Tube maintains emission capabilities 
tee — ce . — 5 1.0 70 after long standby periods and will sup- 
iZ if 2) 60 7 Fe 80 A 
11124 1 700 ; +. 7 ply high minimum value of plate cur- 
1722624 11 60 D 2.7 80 rent during “on” cycles. Radio Corp 
' iw224 08024 415 25 400 C 2.0 80 of America. Tube Division. Harrison, 
_1T256 oa ate ee 60 E 4.0 95 N > 
_1T254_ __ 24 115 ___50 400 D 2 ew OR J. 564 
Case Size, WxDxH Ins.: “‘B’” 2-3/8, 2-3/4, 2-13/16; “C” 2-3/8, 2-3/4, 3- 13/16; 
‘D” 2-5/8, 3-1/6, 4-1/4; “E” 3-1/16, 3-9/16, 4-7/8; “‘F 3-7/8, 3-7/8, 4-3/4. 
Custom designs and additional standard model inverters and converters PLASTIC TAPE HAS HIGH 
3 le. Write for literature and quotations on special designs 
also available. Write f terature and quotations on special design ELECTRICAL PROPERTIES 
Manufactured at ERA’s New and ned facilities. eo 
— DEVOSEAL No. 66 insulation resist- 


Electronic Soames 


ance is greater than 50 million meg- 
ohms, exceeding test limits; has an 


of less 


retains flexibility, 


Associates, Inc. 
67 Factory Place, Cedar Grove, N. J. 


indirect electrolytic corrosion 
0.02 


pliability and 


CEnter 9-3000 


than pumhos; 





bonding properties at 
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has 13 kv 


temperatures below freezing; 


LS-6, LS-7 and LS-8. 


Here’s a reliable family of coil forms 
ready to meet your specifications. These 
Perma-Torq Tensioning Devices on 
Cambion coil forms allow locking of 
tuning cores while still tunable and 
you can depend upon them to do their 
job well. 

This built-in dependability is a result 
of Cambion’s unique design plus quality 
control that meets or betters govern- 
ment specifications. 

Perma-Torg is a compression spring 
of heat treated beryllium copper, that 
has a very high resistance to fatigue 
and keeps coils tuned as set even 
under extreme vibration and shock. 
The device also allows for immediate 
readjustment without removal or 
loosening of any mounting nut or lock- 
ing spring. 

Quality control and features like the 
above are just two of the reasons why 
Cambion can offer you guaranteed 
standard or custom electronic com- 
ponents — whose performance you can 
rely upon. 

Cambion researchers and practical 
experts are always available to help you 


MAY 


aoores 
































Cambion® coil forms with Perma-Torq*® Tensioning Device are designated PLST, PLS-6, PLS-5, PLS-7, PLS-8 and 
are factory assembled to mounting studs. The units are completely interchangeable with Cambion’s LST, LS-5, 





Reliability is their family resemblance 


solve your component 
all specifications and prices, write 
Cambridge Thermionic Corporation 
453 Concord Avenue, Cambridge 38 
Mass. West Coast stocks maintained 
by E. V. Roberts and Associates, Inc., 
5068 West Washington Blvd., Los 
Angeles 16, and 1560 Laurel St., San 
Carlos, Calif. 


pre yblems. For 


Cambion’s new printed circuit coil f s are ide 
for high temperature work and horiz al mo 
panels. Equipped with Perma-Torgq lockin 
for set tuning, the tuning core is affixed tot 
at one end through a brass housing , 
ing internally threaded forms and cores and result 
ing in a more precise elem ith finer tunin 
The coils, 2550, 2540, 25. I 525 

units with silicone fiberglas cx 
terminals for mounting on printed circuit 












thus e 






g 








*Patent pending 









CAMBRIDGE THERMIONIC CORPORATION {J 
AIMIBIOIN) 

Y r-ALKASL®© ices Meal \ 
Makers of guaranteed electronic components, custom or standard 
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temperatures below freezing; has 13 ky 


dielectric strength 

Available in 6 colors: black. red 

| blue, green, yellow and white. Also 
features: water, heat, corrosion, acid 
alkali and solvent resistance, as well 
as resistance to oil and aging. Distrib 
uted in 66 ft rolls in ‘4 and 1 in 
widths. Also available in 180 in. rolls 
ly in. width; 21 ft. rolls, 34 in. width, 
black only Devon Tape Corp.., 519 So 
Sth Ave Mi Vernon, N Y >565 


rinse ance ROE =. 


ELECTRONIC COUNTING 
PACKAGE 


“Model C Count-Pak” consists of high 
speed magnetic counter combined with 
light source and photo cell. Rated speed 
is 3000 counts per min with dependable 
accuracy. 

Compact photo cell unit can be made 


in any configuration to suit any appli 


(Courtesy Louis Allis Co. 





cation. Cell and light source are pe 
manently assembled so that vibratior 
will not jar them out of focus. Pulses 
as short as 0.0002 sec will actuate the 


motor speeds device 
. Unit utilizes transistors and print 
controlled over circuits. Pilot light, reset button and 
100/1 range a # power switch are included on pane 
. : Electronic Controls Div., Veeder-Root 


ELC6J/A thyratrons opiate a Mieceteeh © Cons > 566 


DIFFERENTIAL TRANSFORMER 
ACCELEROMETER 
Model 7-34 is one model of line wit! 


outputs up to 60 volts; ranges 
l g to +50 g in case approximately 


3x 1.9 x 1.6 in. Damping:-is tempera 


ture-compensated to 0.1 of critical 
olution is infinite. 

Output at full scale is max 0.5 volt 
in.: at zero acceleration is max of 0.5 


per cent oft full seale Input is 115 


ELECTRONS: INCORPORATED 
a 127 SUSSE* AVENUE 


N. J 


»aon A 


NEWARK 3, 


Pobiahte "V4 





210 Circle 210 on page 17 Circle 211 on page 17> 





es. & RE Oe ee ree ES Ae lf a oe volts a-c at 400 cps. with other input 


@ 


























ZIRCONS 





MAGNESIUM 
SILICATES 


HUWAS 
TECHNICAL < 
CERAMICS = 


More 
Mareriuls 


Seaebitas at one source! 


CORDIERITES 


ZIRCONIUM 
OXIDES 


Here you will find industry's widest choice There are AlSiMag materials which with- 

of advanced technical ceramics . . . dense stand higher compressive loads than steel 

= or porous .. . key components in thousands . . . with lower coefficients of expansion 
= of applications in widely diverse fields. Top than any general-use metal. Chemically 
performance is assured by careful matching inert . . . will not rust, oxidize or corrode. 

of physical and electrical properties to end Permanently rigid . . . will not deteriorate. 
, use requirements. Some have unusual abrasion resistance. 


. hard 9 Mohs’ le. 
lf heat is a problem: AlSiMag technical rae ee ee ae Sen 7 ee 


ceramics have higher insulation values at No matter what your problem, AlSiMag 
elevated temperatures than fused quartz. ceramics may help solve it. And, this source 
Excellent thermal shock resistance. Great has the machines and experience to pro- 
strength. Low loss. Rugged AlSiMag Alum- duce precision parts in any quantity. Send 
inas, for example, deliver superior perform- blueprint with details of operating proce- 
ance at temperatures beyond the melting dure for complete data on the AlSiMag 
points of most commonly used metals. material best suited for your application. 


MORE SPECIALIZED ENGINEERING TALENT... 
MORE FACILITIES..... MORE “KNOW HOW” 


4 


sionah Seatine ot RM NY tI of 0 OW. \ "7. peererrerserers 
Manufacturing Company og Cc re) R i=) re) R A si ] re) | 57TH YEAR OF CERAMIC LEADERSHIP 


For service, contact American Lava representatives in Offices of Minnesota Mining & Manufacturing Co. in these cities (see your local telephone 

directory): Atlanta, Ga. * Boston: Newton Center, Mass. * Buffalo, N. Y. * Chicago: Bedford Park, III. * Cincinnati, O. * Cleveland, O. * Dallas, 

Texas * Detroit, Mich..*, High Point, N. C. * Los Angeles, Cal. * New York: Ridgefield, N. J. * Philadelphia, Pa. * St. Louis, Mo. © St. Paul, 

Minn. * So. San Francisco, Cal. * Seattle, Wash. Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 757, London, Ontario. 
All ather export: Minnesota Mining & Manufacturing Co., International Division, 99 Park Ave., New York, N. Y. 


1) % 
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subject: APPLIANCE WIRE 
types: ALL INSULATIONS including polyvinyl! chloride; 


asbestos; silicone rubber; Teflon; Kel-F polyethylene; 
nylon, etc. 


conductors: copper; nickel; nickel clad copper; nickel plated iron; 
aluminized iron. 


source: CONTINENTAL WIRE CORPORATION 


For complete information on the wide range of 
Continental insulated wires and cables, write or call 
CONTINENTAL, Wallingford. 


Where heat . . . moisture ... cold... oil... grease... 
corrosive vapors .. . demand a reliably insulated wire 

or cable, be sure to specify CONTINENTAL. A wide range 
of types and sizes in stock, or to special order. 

Give amperage, voltage, diameter limitations, and 
operating temperatures and conditions when inquiring. 


Cormriz2er72fal 
wiaze corporation WALLINGFORD, CONN © YORK, PENNA 
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volts a-c at 400 eps, with other input 
available. 
Max non-linearity 1.0 per cent; phase 


shift at O degrees 5 degrees. Edcliff 
Instruments. P. O. Box 307, Monrovia 
Calif. >567 


HIGH-TEMPERATURE 
MINIATURE CONTROL 


Wire-wound control especially designed 
for missile and = aircraft electronic 
equipment is only °4 in. diam. 
Ambient temperature range 200 ( 
and up. At 145 C ambient, control rated 





\ 


it 5 w dissipation. Gold plating used 
to assure max shelf life, corrosio 
resistance and heat transfer. 

Available in linear resistance taper- 
from 10 to 10 k ohms. Standard tol 


erance 5 per cent Control has 1g i 
diam. shaft. with 14 in 32 threaded 
bushing “. in. long. P. R. Mallory & 
Co.. Ine.. 3029 | Washington St 
Indianapolis 6. Ind >568 


PROJECTION PAPER 
SPEEDS ENLARGEMENTS 


Kodagraph Projection Paper, Tran- 
lucent. makes possible production 
high-contrast enlargements from micro 
film negative. is expected to expedite 
retrieval of engineering drawings whic! 
have been reproduced on microfin 
May be used to make translucent 
vellum-type reproductions of tracings 
for immediate use or for production of 
multiple prints on a direct proce 


machine 
Extra-translucent base makes possible 
faster “print-back” speeds; emulsior 


produces crisp. dense, black lines for 
intermediates of highest legibility. Fast 
man Kodak Co., 343 State St.. Roches 
ter 4, N. ¥ >569 


IMPACT PHENOLIC 
MOLDING COMPOUND 


Sisal-filled 2-stage compound in modu- 
lar form Durez 18683 is designed tor 
applications requiring long flow, good 
water resistance, and glossy finish un- 
der low-pressure molding conditions. 
Molded parts are dimensionally stable 
have impact strength of 1.4 ft per in.. 
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New Mallory Motor Starting Capacitors 


with BUILT-IN Resistor’... 





Cut Assembly Time 


Now — instead of soldering a separate 
resistor across the terminals of a motor 
starting capacitor, install both the 
capacitor and the resistor in one opera- 
tion—with the new Mallory Motor- 
Starts. These capacitors have the 
bleeder resistor deposited, by an exclu- 
sive Mallory process, on the top wafer 


and Costs 


time and cost of installing the capacitor 
in electrical equipment. 


This is the latest in a long series of 
Mallory developments that have im- 
proved the compactness, aependability 
and current ratings of motor starting 
capacitors. Application of this new 


board — between the contact terminals. 


The new Mallory design leaves ter- 
minals completely free of obstructions. 
It not only offers space savings, but 
enables substantial reductions in the 


design can bring you extra economy on 
your next production run. Write for 
complete technical and application 
information—or, if you prefer, a 
consultation by a Mallory capaci- 
tor engineer. 


Expect more...get more from 


MALLORY 


P. R. MALLORY & CO. Inc., 





Serving Industry with These Products: 





Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts * Special Metals « Welding Materials 





Parts distributors in all major cities stock Mallory 





standard components for your convenience INDIANAPOLIS 6, INDIANA 
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“imseris 
anyone?” 








for 
Curtis Development & Mfg. Co. 
Milwoukee, Wisconsin 






Another Example 
Triple M Slip Rings 


insert molding is 
OUR BREAD AND BUTTER: 


Putting plast ics and metals together 1s what were gos 
at at Midwest Moldiae Triple M excels in combining 
metal inserts and plastics of all types in molde parts 


Midwest Molding experts pride themselves on the precise 


construcuon and dependable performance of their metal- 


plastic combinations. Send your prints for quotation 
* More Pull up your chair to the Triple Mtable, and 


examples LET’S TALK INSERTS! 


eWiduest eWolding 
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TOOLING , COMPRESSION / INJECTION 


123 ROTARY DRIVE e GURNEE 96, ILLINOIS 
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vive vood results in humidity tests 
Used for terminal connectors and ele« 
tric motor end bells 

Compound preformed automatically 
in horizontal pretorming machines ; 
curing time is same as tor general 
purpose compounds Durez Plastics 
Div... Hooker Electrochemical Co Box 


$44. Niagara Falls. N. Y >570 


HIGH ACCURACY 
POTENTIOMETER 


Size 30 potentiometer Model 300 pre 
vides resistances in excess of 285 k 


ohms and resolutions better than 0.2 





per cent 
As many as 15 sections can be ganged 


ye 


to simple. rigid shaft. Up to 25 tap- 








can be provided per section. Non-linea: 
functions can be wound with precisior 
on production runs. Non-linear 

formance better than 0.3 per cent cat 
be provided. depending on function 
Available with sleeve or ball bearing- 
George Rattray and Co., 116-08 Myrtle 
Ave.. Richmond Hill 18. N. ¥ >S71 


SUBFRACTIONAL WATT 
INSTRUMENT MOTOR 


Type B motor employs neither revol ! 

windings nor sliding commutator ¢ 

tacts. Designed for operating chopper- | 
ind small fans. other uses where con 


pact size and small power drain are 
Motor has 
| 


shaft supported in instrument-type ba | 


important stainless--tee 


bearings. Rotor is permanent magnet | 
dise actuated by a stationary field coil 
commutation of periodic field flux rever | 
sal is attained by a Nylon roller can 
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Its performance and name are the same 
| around the world 


Other Outstanding 
Shell Industrial Lubricants 


Shell Tellus Oils —for closed hydraulic 


systems 

Shell Alvania Grease — multi-purpos« 
industrial grease 

Shell Rimula Oils—for heavy-duty 
diesel engines 

Shell Talona R Oil 40— anti-wear crank- 
case oil for diesel locomotives 

Shell Dromus Oils—soluble cutting 
oils for high-production metal working 
Shell Macoma Oils— for extreme pres- 


sure industrial gear lubrication 


Shell Voluta Oils for high-speed 


quenching with maximum stability 


A ‘A 
SHELL TURBO OIL = (‘SHELL 


; inufacturers’ and turbine-users’ reports 
prove that Shell Turbo Oil is outstanding in oxidation 
stability and rust protection. In addition, this oil 

now has special properties to insure adequate 
lubrication of the highly loaded gears in ship 


propulsion and industrial applications. 


Wherever your turbine equipment is installed, 
nake Shell Turbo® Oil your standard recommendation. 
Shell Turbo Oil is now available to your customers in 
most foreign countries. and with it, you can be sure 
your equipment will give them the same performance 


that your domestic customers enjoy. 


For more complete information on Shell Turbo Oil, 
write Shell Oil Company, 50 West 50th Street, New 
York 20, New York, or 100 Bush Street, San 
Francisco 6, California 


1 YY. 
AMET) 
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IMPROVED! 


SEALED COIL, TELEPHONE-TYPE RELAY. 








NEW! DUAL HEI 


rs Be 


Ow 


oe 





¥ 
+e 


METIC SEAL 


INCREASES RELAY RELIABILITY 
AND TEMPERATURE RANGE 


New bobbinless coil 
saves space, permits 
use of more ampere 
turns of Teflon coated 
wire with no increase 
in coil diameter. 


Hermetically 
sealed 

coil prevents 
gases from 
contaminating 
contacts, 


LOOK AT THESE GREAT NEW FEATURES 


Mycalex stack, 
Tefion wire and 
-1 end washers and 
; ceramic pushers, 

\ | plus sealed coil, 


GP permit high 

yu temperature 

Z @: operations. 
«| (Tested up to 


125° CJ 


Hermetically sealing the coil of the MH ‘‘Seal-Temp”’ substantially 
increases the reliability and life of this popular telephone-type relay. 
Considered a major reason for relay failure, contact contaminati 
due to outgassing of the coil has been eliminated by 
process. 

The “‘Seal-Temp” has a tem 


than or< 


ature range considerably broade 
C. This is ach 
ck of Mycalex, employing ceramic pushers, 


relays... from —65° C to -}-125 
by constructing the s 
and by using Teflon coated wire throughout. 

For applications where reliability, long life and broad 
ranges are required, the MH “‘Seal-Temp” relay could well be the 


answer. Write, wire or call today for complete inforn 


POTTER & BRUMFIELD; INC., PRINCETON, EOE WATTLE SZ OF AMERICAN MACHINE & FOUNDRY COMPANY 























A. 


~. 


GENERAL: 


CONTACTS: 


COILS: 


Mail the coupon 

for complete engineering 
Te ad 

Lo leR 
eel tela Mel iel ots Moa 
standard type relays. 
De ed et 
Ml el Ml) ati 
problem write in detail. 


: ey 


. 





(SS MH “SEAL-TEMP” 


RELAY 


Insulating Material: Ceramic, Mycalex and Teflon. 

Insulation Resistance: 1,000 meg ohms min. 

Breakdown Voltage: 500 V. RMS. 

Shock: 30g's. 

Vibration: 5g's 55 to 500 eps.; .032” max. 
excursions 5-55 cps. 

Temperature Range: —65° C to +125° C. 

Pull-in: Approximately 75% of nominal voltage 

a2S5° C. 

Terminals: Miniature plug in; hook end solder. 

Enclosure: Short ""M" Can, hermetically sealed. 

Arrangements: Up to 6 springs per stack. (4PDT) 

Material: Ys” Silver (others available). 

Load: 5 amp. 115V. AC resistive. 

Resistance: Up to 22,000 ohms 

Power: 100 mw per movable arm min.; 4 watts mox. 
DC at 25° C. (200 mw min. to meet shock or 
vibration requirement at 25° C.) 

Duty: Continuous. 

Insulation: Tefion. 

Coil Chamber: Hermetically sealed. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL 
ELECTRONIC, ELECTRICAL AND REFRIGERATION DISTRIBUTORS 


Potter & Buunield, ine. 


PRINCETON, INDIANA 


SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
Manufacturing Divisions also in Franklin, Ky. and Laconia, N.H. 


Potter & Brumfield, Inc., Princeton, Indiana 
Attn: T. B. White, Brig. Gen. USMC (Ret.) 
Special Projects Engineer 


Please send me complete engineering data on the new MH 
Series Relay plus the new compact catalog of P&B standard 
relays. 


canals 
ON ica eaten cttineenics 


Address A es a 


es ee 


ee 


Circle 216 on page 17 


‘ 
~ 
- 


2 
—“ .. 
Y 
“Ww 

4 
Nm 


RELAY WITHSTANDS 
HEAVY IMPACT 


; . 
Series 1200 relay available in new 1 
rsion. Encased in dust-tight, 

;' 1 
nsparent piastic enclosure that with- 


eavy impacts, unit unafiecte 





luctive Available It 
6 to 230 volts and in any a- 
6 to 110 volts. Guardian Ele 


Mig. Co 627 W. Walnut St 


INFINITE RESOLUTION 
LINEAR MOTION 
POTENTIOMETER 

sistance element of M 


( 


¢ 





= é 1 STTOKEeS =LTOK 
xcess 50 ips 
Ait singe | 
=, Outputs e ! l¢ 
line relat 
~ AS 

S S 5 Ss v1 case 
J plus stroke; weighs 
stroke le t Operates 

5 it ‘ lissipatior 
2 ‘ It stroKe puter 

Ins ts Cort Q? \i Or Ave 
H stead. N. Y >574 


HIGH AMPERAGE SWITCHES 


Series 810 high-current 


gn ] 


capacitv mo- 


contact switches are available 
ngs of 10 amp. 125 volts a- 
- > 


ind 9 amp 250 volts a-c. 


Although no larger than ordinary 











SYNCHRO 
ACCURACY 





() s:conos i 


OF ARC 


Model SB-12 will measure angular pos) 
tion of a-c servo systems as well as ele 


tri al error of synchros and resolvers 


lighter capacity switches, series is 
slicable tor use as satetv switches 
ELIMINATE MULTI-SPEED SERVOS ee as in electronic ranges, i 
AND COMPLEX ELECTRONIC DEVICES senate anil atatic controls 
: Switches designed so that normally 
Qo inert position is “on.” Available in 4 
& terminal styles including spade, solder 
$ and screw types, or wire leads. Mount - 
. ings include threaded nipple, snap-ring 
8 or fastener. Aleor Mfg. Co., 4444 W 
a Roosevelt Rd., Chicago 24, Ill >575 7 
6 
z 
. MINIATURIZED SYNCHRO 
u BRIDGE 
i Introducing less than 8 sec-of-are erro! 
& 
° 
s 
& 
w 


During 3 million revolutions of dial 





basic error is said not to exceed 8 se 
NEW ULTRA-PRECISE SIZE 25 SYNCHROS 


Extremely precise data transmission is possible through the use 
of Kearfott’s Size 25 synchro resolvers. The inherent precision 
of these units provides a three sigma accuracy of approximately 
35 seconds in a typical 3 unit string without the use of auxiliary 
equipment. Ruggedly constructed of corrosion resistant mate- 
rials, they possess the required reliability for all missile applica- 
tions. Available as transmitters, differentials and control trans- 
formers with a maximum error from E.Z. of 20 seconds arc. 


SIZE 11 SYNCHROS 


Size 11-2 phase 4 wire synchro resolvers for 
data transmission combine the advantages of 
small size with high accuracy. Corrosion re- 
sistant materials are used in the construction 
of these units. Available as 60X transmitters, 
differentials and control transformers with a 
maximum error from electrical zero of 3 min- 
utes arc. Standard 3 wire synchros are avail- 
able from production with 5, 7 and 10 minute 
maximum error from E.Z. 











eee DIFFUSED SILICON 
| Challenging opportunities at Kearfott in advanced 
| component and system developments JUNCTION RECTI Fl ER 


Diffused silicon junction rectifier to 


high current ipplications s available 


j 


PRECISION models with ratings up to 100 amp al 


600 piv 50 amp at 600 piv and 400 


imp at 50 piv Power supply applica 


q 
g 
~ 
z 
0 


ZANAWAINGO|D 


CORPORATIO 





KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, New Jersey 
Midwest Office: 23 W. Calendar Ave., La Grange, Illinois 
South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, California 
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C/R Rawhide and non-metallic pinions and gears 


C/R RAWHIDE SPUR GEAR C/R RAWHIDE BEVEL GEAR C/R NYLON GEAR 


transmit power quietly, soak up shock loads, 











i ~ 
ss 
-? ae - 
Ht} 
R BAKELITE TIMING GEAR CR MICARTA GEAR R RAWHIDE SPUR GEAR WITH HUB 

C R Rawhide and other C R non-metallic gears special purpose gears and pinions of material such 
transmit power quietly and efficiently, with less as Textolite, Synthane, Spauldite, Celeron, Insurok 
vibration than other gears. These pinions take all and Formica—as well as all metallic gear materials 
the wear, soak up shock loads up to three times C R gears range in size from 1” O.D., %” face. 


their rated capacity. Y ou'll find they actually a up to 30” O.D., 12” face. Diametral pitches range 
tect expensive metal mating gears, prolong the life from 1-% to 64; horsepower ratings go up to 250 h.p 


of the machine. 


Where high temperature and humidity are factors, 


nce in cutting gears for all types of applications 
CR gears cut from Nylon, Bakelite, Micarta or ed in the industry. May we help you? Write 


ustrated C R Gear Booklet 


Fabroil are generally recommended. C_ R also cuts 


e. 
at RL 


Export Sales: Geon International C Sreat Neck, New York 


c/R PrRopuUCTs: C/R Shaft & End Face S 
RAWHIDE eee Se 





CHICAGO RAWHIDE MANUFACTURING COMPANY 
1279 ELSTON AVENUE ¢ CHICAGO 22, ILLINOIS 


e Sirvene (synth 





ec rubber 
ical leather cups, packings, boots 
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A NEW BRUSH 
> GRADES 


FOR SMALL 
LOW-COST MOTORS 


(Such as flush commutator types) 


The increasing use of flush commutators in in- 
expensive little motors often brings big problems 
in brush selection. Even though the brushes must 
be inexpensive too, it is equally essential that 
they have adequate life, give good commutation 
and avoid burning or grooving the commutators. 


BRUSH 
SPRING 
DESIGNS 


Recent Stackpole fractional horsepower brush 
developments pave the way to substantial im- 
Stackpole offers provement in both brush and overall motor per- 
formance on many of these “trouble” jobs. 


are important too! 


full engineering ‘ beaaat 
ieee As a leading small motor brush producer, 
facilities for de- ~ ; pt 
; : Stackpole welcomes the opportunity to “Custom 
signing brush ; cs Sere te : 
: . Engineer” these grades to the individual require- 
ments of your specific motors. No obligation is 


involved. You be the judge! 


springs for opti- 


mum _ perform- 





ance. Ask your local Stackpole representative or 
adel ae write to STACKPOLE CARBON COMPANY, 
a gino! pa ST. MARYS, PA. 


Custom Engineered 


for all rotating electrical equipment 


CONTACTS * VOLTAGE REGULATOR DISCS * CATHODIC PROTECTION ANODES © FIXED & 

VARIABLE RESISTORS * BEARINGS * MOLDS & DIES © FRICTION SEGMENTS © SEAL RINGS 

CLUTCH RINGS * CHEMICAL ANODES * HEATING ELEMENTS * WELDING CARBONS * POROUS 
CARBON .. . and dozens of other carbon, graphite and powdered metal products. 
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tions requiring as much as 5000 imp 
capacity can be handled by stacked 
combinations. Lower current packaged 
stacks (from 2 amp) also available 
Features are: high efficiency; low 
forward resistances: wide temperature 
range of operation (to 150 ¢ Bot 
positive and negative heat sink units 
available. providing for easier assembly 
of bridge circuits and most effective 
heat dissipation. Trans-Sil Corp... 5° 


Honee k St.. Englewood. \ | >S77 


SILICONE RUBBER 
COMPOUNDS HAVE GOOD 
PROPERTIES 


Good physical properties are features 
of three general-purpose compounds 
designated SE-452, SE-472 and SE-482 

Tensile strengths of 800 to 1400 psi 
tear strengths of 80 to 200 ppi and 
elongations,of 250 to 550 per cent are 
obtainable. Properly-cured parts fabri 
requirements of MIL-R-5847C by 23 to 
54 per cent 


cated from these compounds exceed 


Because of their characteristics. these 
compounds are suggested for a variet) 
of sealing, gasketing and mechanical 
applications in aircraft, appliance and 
electrical industries. General Electri: 
Co.. Silicone Products Dept... Water 
ford, N. ¥ >578 





Plus or Minus 


f 
iged § f ’ nt I 

the al 1 1 € s 
including ‘ I sibl 
lor L ON ses t i ! K 
edge of the ve T f I 

A cont ing program of | 
tion has alwavs been necessar 1 
spe | For the systems eng 
continuing sel ducation not 
the “spe lties” systems eng v 
but also in a wide diversity of relate 

bjects (which doesn’t bar verv many 
is downright imperative For the 
fledgling systems engineer. the trick (as 
one panel member put it) Is to recog 
nize what is important and to 
getting caught up by the almost a 
tional interests of the various specialists 


from whom he must learn 


PS The obvious irony is that once 
any man with the ability to become a 
top-notch systems man begins to ap 
proach proficiency, he will probably be 
made an executive—at which point he'll 
feel he might better have spent his 


spare time learning golf. 


ELECTRICAL MANUFACTURING 
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Two Super chart speeds on this new Brush two-channel 





High Speed Recorder give you accurate, easy-to-read 
measurements that defy interpretation at conventional 
chart speeds. And, simultaneously, you can also 
obtain precise time correlation between two rapidly 
changing phenomena on adjacent channels. 

The two high speeds, 625 mm/sec. and 1250 mm/sec., 


} 


are selected instantaneously by -loaded switches 





chart movement 


to a preset conventional speed of 5, 25 or 125 


mm/sec. for general purpose recording 


Ink or electric writing methods are ultralinear— 
producing extremely legible traces that are always 
uniform in width and density. With companion Brush 


amplifiers, the system may be used to advantage 


in research, design and production testing and control. 


Ask for a sample chart recording and literature. 
Factory branches, service and warehousing at 
Arlington, Va., Cleveland and Los Angeles; 


oineering represen itives in all ke atl S. 
engineering representatives 1n ll ey locations 









brush INSTRUMENTS 


DIVISION OF 


3405 PERKINS AVENUE | CLEVITE | CLEVELAND 14, OHIO 


R PORATION 
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WATERPROOF | 
MOLDED COILS 3=«- “&aboratory 
——— oar 


Molded from the new epoxy EFnainee Pict g 
resins, the coils are imper- + _ yt oe 


vious to water, oils, dust, 
acids, alkali solutions and 
water base hydraulic fluids. 





Equipment 


The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 
encapsulating process. 


TRANSISTORIZED PHASE 
METER 





Features phase accuracy of 1 deg fron 
Coil windings are currently 
being molded in green, from 10 eps to 50 ke; direct reading 
black, red, and blue colors, . from 0 to 360 deg in 6 ranges of 60 
and all four colors are rec- 
ognized by Underwriters’ 
Laboratories as insulating 
materials for general pur- 
pose application 105° C. 
Class A requirements. 


10 cycles to 10 ke. Frequency range 





Write Dept. E For Complete 
Details 



























DELUXE COILS, INC. ai a 
Post Office Box 364 a CTT A Le) onnections and operation from ext 
Circle 221 on page 17 nal 45 volt batterv if desired 
— . name 7 Unit n i Ss phas ing 
etwe ‘ = us ial r 
- . vidal voltages in freque ge i 
Transistors Subjected to Heat, 50 ke by comparing 
o /t iX er gs t pe g 
pplied. Zero-ax ea g 
ipplied itage wa ) 
gat ge pro} ! 
...in this Cincinnati Ma y 60 deg 
Sub-Zero Environ - se <n t 
mental Test Unit. ia a are gg 
60 | Powe p 
ipproxima 20 (mpl le g 
0.25 to 170 volts peak. A Lab 
Federal Telecommuni tories, | mam Se -_ 
Laboratories, Palo Alto Mass >579 


fornia. Used to test tra 
and other electronic compo 
nents, it is adjustable from 
minus 50° to plus 200° F., while 
maintaining a relative humidity 
of 95% between plus 80° and 
160° F. Compact and portable 
it is ideally suited for a variety 
of test applications Model SU-40-8-HC 








PRECISION CURRENT BRIDGE 


Model 500 bridge will supply eithe 


single-ended or differential current out 









put up to a maximum of 100 ma. Built 
in standard cell and precision bridge 
If you must have specific product reaction d 
altitudes, humidities, etc., outline your require 
recommendation on a unit built to your needs 





mne ti 
emperatures 


vents to us for a no-obligation 








PTT eA) 





Booth No. 976 
Convention Hall, Philadelphia 
MAY 1 to 8 


1 [58) 


CE 


Cincinnati Sub-Zero Products 


General Offices and Plant: 3930 W-8 READING ROAD, CINCINNATI 29, OHIO 
Member Environmental Equipment Institute 





oor 
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BACKGROUND 
OF QUALITY 


> = 


“Ty 


ROEBLING 4 


von 








to 


RELIABILITY 
wus” 
START ON 
THE GROUND 


facturers must be positive of ever 
component in their vital equipment 
For this reason, Air-Marine blowers 


are specified equipm 





the launching beds built today. The 
blower shown here is currently being 
used in the Army’s NIKE Hercules 
Program. Interested manufacturers 
cre urged to look into the proven 
reliability of Air-Marine’s complete 


line of sub-fractional HP. Motors 


Blowers and Fans 


air-> marine 
motors, inc. 


AMITYVILLE, NEW YORK 
LOS ANGELES, CALIF. 
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xk) eS 
130 CFM at 
a oe 

re alts 

ny Tie he 


circuit allow precise measurement of 


inv current within range ot de vice to 
full-scale wecuracy of O.25° pe cent 
sr dye setting may he read } sig 
if t figures. Two output ranges, 0 
1) ior LOO la. are 
pr led 
| ils e used a i current 
' t = ig 
is f 
S | “ i 
ll ed ) ent f Il-scale 
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f ed 
t | 
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vary St... Walt 54. Ma- >580 


MEGACYCLE-MICROSECOND 
COUNTER-TIMER 


Mode 0) 





28-VOLT POWER SUPPLIES 


Three of 4 new units utilize »- phase 
LOO-cve le power input the fourth i 
one-amp power supply itilizes sin 
phase. 400-cyele input. All use silicon 
rectifiers 

Smallest is one-amp. 28-volt) convec- 
tion-cooled airborne transtormer-recti 
fier weighing only 14 0z. Operates from 
single-phase. 400-cycle power input, 


features built-in fuse protection and 


ELECTRICAL ANL FAC RING 


SS et ate 

















Whea Enjay Butyl is used as ious insulation of tubular aluminum conductors, 
traveiing res re irtu ‘ rr té ig ltietS are essentially jead-iront. 
. ’ ! 
helps keep costs low in new Aluminum Busway! 
Enjay Butyl is extruded over the full and to heat aging. Add Butyl’s excellent 
length of the conductors used in General electrical properties, its vuleanizability and 
° Electric’s new Type DE Busway, the first the fact that it is the ve st rubber on 
busw esigned specifically for aluminum the market—and you'll understand v 
This new busway incorporates all 22 it was chosen above all other rubbers to 
features that engineers consider important do this job 
| Gkiciat uae es | Ske le 9 
. >gipin Prem Fs ee oe Every day manufacturers are discover- 
smallerand 90) lignter than otner busways ing new ways to use econon eal But 
rating. Find out how Eniav Butv! rubber ean cut 
iT) ul ! 4 stijay IUTV! TUDDE Can Cu 
| rubber is ideal for use as production costs for you. For further in- 
ulation of tubular conductors formation and expert technical assistance, Dy 
beeause of its inherent resistance to ozone contact the Enjay Company. rubbe 





e abrasion e 


Pioneer in Petrochemicals ance to 





acking e 


ENJAY COMPANY, INC., 15 West S5ist Street, New York 19, N. Y. ozone and corona + chem- 


icals « gases « heat e cold e 


Akron * Boston * Charlotte * Chicago * Detroit + I Angeles * New ( ins * Tulsa unl 
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design flexibility in glass 





high pulse-ty pe overload capacity tor 
relay or solenoid ipplic ilions 
The 100-amp unit has efhciency of 83 


per cent ind powell 


Pp 
cent; will operate at 500 per cent over 
load for 15 sec \ 2OU-ar p unit weighs 
less than 17 Ib, features far voling 


and molded d-c terminal board. Also in- 
cluded is 200-an p supply will voltage 


regulation less 


to full-load with constant input. Ripple 


less than 0.5 volts peak-to-peak under 
all load conditions. fro1 65 | 
160 F. Unit weighs less than 65 


ANALOG-TO-DIGITAL 
CONVERTER 


LUO .000 


of 7 U.Ud per 





Visibly protected by Lancaster! 


Your delicate mechanisms deserve the complete protec 
tion and visibility that only glass covers can give. They 


permit close visual inspection with maximum safety 


Lancaster has formulae and facilities to meet your 
specific needs in limited as well as mass-produced 
quantities. Write today for complete details, or send 
blueprints for quotations to Lancaster Glass Corporat 
Lancaster 1, Ohio 


glass and plastics 


to brighten your product's future 
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readings. Fischer & Porter Co., 641 
Jacksonville Rd., Hatboro. P >583 


TEMPERATURE CONTROLLER 


Thermocouple temperature control sVs 
tem 1s capable of electric control to 0.1 
F using platinum thermocouples or 


0.025 F with base metal types. Measur- 
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Technicatl-ities 
By John S. Davey 


Select proper 
bolt diameter 


An erroneous rule of thumb 
worth forgetting is that no 
bolt under %” shou 
where fastened members are 


under stress. Yet bolts %-inct 


and smaller take plenty of ex- 


ternal loading. 


HOW TO LOOK AT IT 
Primarily, you have to satisfy 
the stress requirements c 
the load. So select bolts on 
that same basis: the actual 


tain that load 





? — shat 
ell you what 


bolt tensile, size, and number 

you need. If smaller bolts suf- 

fice, use them to avoid the 

penalty of overdesign. Holes 
] 


can be smaller which means 
faster drilling and tapping. 
You have a chance to save 
materials since with smaller 
bolt holes, fastened members 
can often be made smaller too. 
You may also be able to 
standardize on a single size, 


saving assembly-line time. 


SIZE VS. SAFETY 


temember that for a given 
grade of material, size tells 
you capacity of a bolt, not its 
safety. If you tighten a bolt 
to capacity, then you get 
safety. That’s why a smaller 
bolt properly tightened is bet- 
ter and safer than a larger 
bolt sloppily tightened, espe- 
cially where the loads are 
dynamic. Obviously, you re- 
duce risk of under-torqued 
bolts as you reduce their size. 
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Note how seal 


nd and into threads 


New SPIN-SEAL screws 


give leakproof fastening 


Here is a new type of compos 
fastener that seals by means of a 
inique flow-in sealant and washer 


. . 4 
Concave shape, the heat treated 
enring. he? nfir and con- 
p! gy ne connhn S anda <¢ 

ae { f — 
trois tne sealing my ] 
T rhteninea the € force lant 

g ing SCI s sealal 

1 
into various s} es around 1 
aga —— 

WV 
betwe 
‘ f- 





threads, (2) head and (3) clearance 


hole to give hermetic sealing. 

The washer has ability to con- 
form to curved surfaces and still 
seal securely against hydrostatic 


Circle 227 on page 17 





ressures and wind driven water. 
Its spring tension and flat rim give 
he added advantage of dynamic 


metal to metal seal. 


ONLY THE SCREW TURNS 


Washer does not turn with the 


t tulidl wy i 


This prevents twisting or 


tearing the sealing “gasket , mar- 
: Spats ; 
ing of polished surfaces, or goug- 
ng of painted finishes 
Th 43 ' : ye Lot . + 
The flow-in gasketing compound 


1an elastic. Stable 
ig, it won’t split or 
inder pressure. It gives 
yw into clearance spaces. 
Compounds are available to seal out 


water or oil 


Send for Bulletin SS-1 which 
gives details on RB&W “‘SPIN- 
SEAL” fasteners. Russell, Burdsall 
& Ward Bolt and Nut Company, Port 
Chester, N. Y. 


Tm. 


Plants at: Port Chester, N. Y; Coraopolis, Pa.; 
Rock Falls, Ill.; Los Angeles, Calif. Additional 
sales offices at: Ardmore (Phila.), Pa.; Pitts- 
burgh; Detroit; Chicago; Dallas; San Francisco. 





EN Precision 


Potentiometers 
by RATTRAY 





ing portion is temperature control unit 
Model 2HCT. a null balance input cir- 
cuit with manually-balanced set point 


GIBSON CONTACTS and a highly stable isolated input d- 


amplifier to amplify temperature de- 
e Have GOOD CONDUCTIVITY viations. 
e Are NON-WELDING Designed for saturable core reactors 
e Are SELF-CLEANING which proportion heat directly to an 
e Need LESS MAINTENANCE electrically-heated furnace. system has 
} 


higi 









1 immunity to stray electric pickup 


in Diesel Applications include heat treating 


and fiber glass manufacture and other 


. 3 : 
Locomotive control installations such as test cells marie tte litt 


and induction heating units. Model 


Starting 2HCT output is 10 volts for a +100 


uv deviation from set point. sufficient 


Contactor to operate magnetic amplifiers up to 





MINIATURE TYPES 
SUB-MINIATURES 
MULTI-GANG UNITS 
eee te aed ent ace Two models available: Model 2HCT-2 STANDARD TYPES 


itilizes a circular dial 15 in. in length, etn 
Westinghouse electrical ontro! tor aie 5 available in a selection of t int 


300 w ratings directly 











i ~€ pol 
od ranges Vernier idjustments can be e@ HIGH ACCURACY 
In made to less thar ] 2000 per cent of e LOW TORQUE 
( scale reading. Model 2HCT-3 is for use 
C with platin im thermocouples and e EXCELLENT 
e \ : i covers temperature range of 0-3000 F RESOLUTION 
ve n se engineer meet the needs tot Ne oe 1000 | 1 s LOW NOISE 
tor. Graphite reduces welding in tola r thy pa I each 
the contacts and imparts self- Minneapolis-Honeywell Regulator C Rattray experience-engineered 
It reduces normal Boston Div.. 1400 Soldiers Field Rd precision potentiometers are 
the contactor Boston 35. Mass >584 supplied in ty; pest meet most 
I G iateria ! electronic applications. Com- 
€ r plete research and development 
n facilities, and unique winding 
1 techniques, make it possible to 
G ( COMPONENT TESTER USES produce custom designs to the 
€ we W 





CARD PROGRAMMING most critical military and com- 


motive contactor mercial specifications. All-metal 


. etriicti . stin an 

( ile | 1g inspection of transformers, construction of mounting and 

" ; aligning surfaces provides pre- 

al ee nan eek eee elayvs e-istors, transistors, diodes ane cise mechanical interchange- 

Gibson. The same experience in design and capacitors is performed automatically ability. Precise electrical per- 

manufactur {G loy UC- proved by | tester which can make a complete formance is obtained by detailed 
manutac J y approved Dy . ; } kL hronge} } 

We series of tests according to values indi- quality peeeeees CAFOUEROUL PFO- 

ble t 4 ect tact er duction. Special winding ma- 


chines assure high resolution 


and function accuracy. 


New Handbook 
EWEN) 


Vat) - ) } 
neering data on ~~ 
~ é \ 


| Rattray precision 
| Ba Teas 








/~ See our catalog In Sweet's & 


Product Design File 





or write for GIBSON with helpful tech- 
Cotalog C-520 im nical information et 
bes ce —sisil | amt ee 


tty 
Pte “~e 





ited | 1 pul ed card. and vet per- 
mit instant change-over to next > . 
= xt type of Call or write Rattray now for 
omponent catalog or quotations on your 
Programming requires only a busi- potentiometer applications. 


ness-machine type of card and an or- 


dinary hand punch: e.g., single hole GEORGE RATTRAY 
punched In “as instorme r section & COMPANY 
schedules tests for primary impedance, A Division of Hardwick, Hindle, Inc. 


116-08 MYRTLE AVENUE 
RICHMOND HILL 18, N. Y. 





winding ratio, and winding polarity. 


Box 590, DELMONT, PA. Other holes specify values and _toler- 
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MAY 1958 


FOR OVER44 YEARS 


The APPLIANCE INDUSTRY has 
depended upon the RELIABILITY of 


a7 bi ee 


ELECTRICAL 
CONTACTS 





When a woman pushes a button or snaps a 
switch on her washing machine she takes it 
for granted that it will start. She also ex- 
pects the same dependability with all of her 
other appliances. 

The manufacturer has built this reliability 


HOW YOU CAN USE FANSTEEL’S 


If you are now in the development stage on 
new models or new products now is the time 
to call on Fansteel engineers and metallur- 
gists. By starting early, we can help you 


into his appliances in many ways. Long ago he 
discovered that he could always depend upon 
Fansteel electrical contacts to perform their vi- 
tally important function with unfailing reliabil- 
ity. Since 1914 electrical contacts by Fansteel 
have been proving this in actual performance. 


EXPERIENCE 


determine: the most suitable and economical 
material . . . the correct size, shape, and con- 
. the surest and most cost-saving 
method of assembly. 


tOUT «.. 


Why not talk to Fansteel about the job that’s on your board right now? 


FANSTEEL METALLURGICAL CORPORATION, NORTH CHICAGO, ILLINOIS, U.S.A. 
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S PAT. OFF 


COT ances for particular transformer to be 
0 yes er e eee (ested. 
BRANC 


Typical test series include: chokes 

2 a a J inductance at rated d-c current and re- 

more insulation in less space: sistance; transistors cut-off current 
and gain with specified bias and input 

currents: relays pull in voltage, coil 

resistance, and contact operation and 

resistance. California Technical Indus- 

tries, Div. of Textron Inc.. 1436 Old 

County Rd.. Belmont. Calif >585 


HIGH SPEED CROSSBAR 
SCANNER 


Model SC2 seanner « 
L input connections at rate 


. bringing selected pair t 


JACK AND HEINTZ, INC. uses “SCOTCH” Brand Polyester Web in 14 


width for wrap- 
ping their toroidal coils. “Scorcn” 


Polyester Web and toroid taping machine 
replaced former more costly hand-wrapping method and m 


aterial; resulted in 
more conformable wrappings 


considerable cost reduction . better varnish 
impregnation . . . improvement in product quality. 


@ Conforms to irregular shapes and contours 


. ° ° : ate ; plications requiring high-quality 
e Varnishes and resins impregnate with minimum fibre tact with high scanning speed 
absorption 


Scanner will step wit positive p jses 


y= 


: ; of at least 25 volts amplitude and rise 
@ Reduces varnish consumption 333% 


time between 0.02 and | psec 


> 3 a In addition to selectec mir. ~: 
@ Space saving: baking cycle shrinkage 5—10% ba a 


ndication can be use 


@ May be wound by hand or by machine malin aarti 


| ' ny 
muises to sca 


@ Excellent heat-resistance to 130°C. a a Ones, SCSURE? 
» return to ome position, 


@ No pre-bake necessary Ce a etal pouees 


@ Available in widths from Y%” to 50” 


COMBINED MEGOHMMETER, 
HIGH POTENTIAL TESTER 


. MEGPOT 


i 


CONFORMABLE! “SCOTCH” iv- TAKES VARNISH BETTER! Has | 


ester Web has excellent elongation sorbency (0.77); requires on 
and non-ravelling edge for greater rather than three web 


conformability without voids closed than with woven mater 


WRITE FOR FREE INFORMATION: We'll be glad to send you complet 


facts, including product data, application and _ performance 
Write: 3M Co., 900 Bush Ave., St. Paul 6, Minn., Dept. BY-58 


f 


Characterist 


Kan — >>», 


Miienesora TMiaine ano anuracturine company 4 a 
«+ WHERE RESEARCH IS THE KEY TO TOMORROW ‘« sD 
>> 
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LY high-torque low-current DC motor 


covers extended range of output speeds 


The new Cramer Type 800 direct current motor 
offers an unusually wide range of output speeds, 
coupled with low current drain, high torque, high 
efficiency, and excellent speed stability. These features 
make it the ideal choice for timing devices, remote 
control equipment, recorders, signalling equipment, 
communications gear, displays, flashers, chart trans- 


ports, and many other products. 


Wide Performance Range 


Depending on requirements of speed, torque, 
and voltage, the rotor is wound to produce a 
basic motor speed of 960 to 3000 rpm. A gear 
train then reduces this to the speed required 
at the output shaft. Low rotor speeds result in 
lower current drain at all speed-torque com- 
binations, but limit the torque available at the 
higher output speeds. Higher rotor speeds re- 
quire a somewhat higher input current, but 
greatly increase the torque available at the 
higher output speeds. 

The Table at lower right illustrates this flexi- 
bility of design, with a few examples from the 
Virtually unlimited range of performance charac- 
teristics which it provides. Where very low input 
current is required, and the supply voltage does 
not exceed 12 volts, the use of the low-speed 
rotor will provide 30 oz. in. at speeds below 
3 rpm and 0.5 oz. in. at 200 rpm. The higher 
speed rotors meet the requirements of higher 
input voltages, and provide greatly increased 
torque at the higher output speeds with only a 
moderate increase in current drain. The high- 
torque motor has the additional advantage of 
speed stability within 10% from no-load to full- 
load, at speeds below 5 rpm. 

The examples given in the Table are for illus- 
tration only. By correct choice of rotor winding 
and gear ratio, an unlimited number of operat- 
ing specifications can be established throughout 
the entire range shown. The motor is also avail- 
able without gear train, for output torques of 
0.1 to 0.6 oz. in. at speeds up to 3000 rpm. 


Specifications 
SPEEDS — 2 rpd to 900 rpm with gear train, 960 rpm 
to 3000 rpm without gear train. 


TORQUE — 0.1 to 0.6 oz. in. without gear train, and 
to 30 oz. in. with gear train. 


CURRENT DRAIN — as low as 30 milliamperes, de- 
pending on voltage, load and speed. 

VOLTAGES — from 3 to 30 volts DC. 

REVERSING OPERATION — with negligible speed dif- 
ference, because of special motor design. 


GEARS — precision-hobbed throughout, totally en- 
closed and with sealed-in lubricant. 















Type 800 DC motor with standard gear 
train — shown 50 oversize 
















OUTPUT ROTOR 


960 | 3000 RPM ROTOR 
LOW INPUT CURRENT 












SPEEDS HIGH OUTPUT TORQUE 
WITH (3 to 12 volts DC) (3 to 30 volts DC) 
ep TORQUE VOLT. TORQUE 

U VOLT- 
TRAINS OZ. IN OZ. IN 








2 rpd 













1/6 rpm 30 
3 rpm 30 
10 rpm 30 
30 rpm 21 
60 rpm 12 
80 rpm 8.5 
200 rpm 


900 rpm 


Typical Performance of Type 800 DC Motors for 
Minimum Input Current or Maximum Output Torque 


For your free copy of informative Bulletin PB-800, write: 


CRAMER CONTROLS 


CORPORATION 


Box 8, Centerbrook, Connecticut 
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provided with settings from 20 ,amp 
to 3 ma. 

As a self-calibrating megohmmeter, 
power supply provides 100 and 500 volts 
d-c or 200 and 500 volts d-c. Insulation 
resistance tests from 0.5 to 10 million 


megohms accurate to within 5 per cent 


of full scale. Capacitors wit ip to 10 
million megohms resistance ca f 
tested in less tha i il Shiite 

charge position allows tor rapid test of 


large capacitors Weight H Ib. Ge 


TEMPERATURE TESTING 
OVEN 





thermostat whic! 
perature wit 
tire range 


Oven utilizes 
min temperatures and built-in he 
coils for development of max t 
tures Operates on 110 
carried from one bench to anot 
Overall dimensions 24 x 10's x 14 
: in., interior test chamber dimensions 
DEVELOPMENT - ENGINEERING - MANUFACTURING - x7x7 . ae Design a 
ne.. 3039 Adams é., dal iego 16, 


Calif >588 
e Alternators as prime power sources 


e Frequency changers for radar power DIODE TESTER 


supplies and inertial guidance systems ee ae ee ee ae ee 


‘ to measure characteristics of medium 
« a a Thome cold lulls and low-power semiconductor diodes. 
for turbine and pump speed controls locsiae: Geel. mibeeetinniiy  wsharte 
: ‘ desired test voltage and meter ranges 

e High-temperature and high-frequency 


motors, motor generators and actuators 
FOR HIGH-FREQUENCY POWER UNITS. WRITE OR CALL 


402 EAST GUTIERREZ STREET 
P.O. BOX 1500 
= al SANTA BARBARA, CALIFORNIA 


L_+D. Telephone WOodland 5-4511 
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Design of 3%-inch coax switch to handle 55 KW 
made ansibie by Du Pont TEFLON 


TFE-fluorocarbon resins 


When increased power allocations by the FCC 
resulted in the need for a switch to handle greater 
powers and higher frequencies, engineers of 
Thompson Products, Inc., were faced with a major 
redesign problem. It looked as though the higher 
requirements would make their new multi-posi- 
tion switch for 344" rigid coaxial line obsolete. 
Needed were models that could handle 55,000 
watts of average RF power and could cover the 
full UHF band to 1000 megacycles. The problem 
was solved by changing to a TFE-fluorocarbon 
resin for the dielectric. 

Both electrical and mechanical | properties of 
TFE resins proved important in this design. The 
resin is used to make sheet dielectric for backing 

grounded connector plate and a strong shaft 
for turning the switching bar. One of the biggest 
problems—impact cracki ng—was entirely elimi- 

d ition to their unique UHF proper- 
ties, TFE resins have a Class H temperature rating. 
2 uous rating permits increased oper- 
ing temperatures in the switch. The extremely 


Zz 
on 
p 

3 
= 
e 






low dielectric constant of TFE resins is a natural 
for this microwave design. TFE resins have a mini- 
mum dissipation factor, unexcelled by any other 


solid. Characteristic curves for these electrical fac- 

























10w that they remain flat with regard to both 
laces (see graph) and frequency (60 cps to 
3000 mc). 


tors s 


oo 


This remotely controlled, motor-operated switch 
TV TRANSMITTER SWITCH handles high powers with very low loss -1 “rE 
baitales y is another ex amy le of the use of Du Pont TFE 
thanks to a machined layer of TFE-fluorocarbon resin. Reverse side 
of connector plate shows coaxial core connections through layer resins to assure RELIABILITY and SAFETY in elec- 
of TFE resin. A flat metal bar. (not shown) switches power from tronic operations. We will be glad to send you 
top input connection to three outputs. Graph of properties shows 
why dielectric losses remain low regardiess of operating tempera- 
tures. Switch is made by Thompson Products, Inc., Electronics Divi- of these ot 1tstanding dielectric materials. 
sion, Cleveland, Ohio; and distributed. by Andrew Corp., Chicago, III. 


information covering design data and applications 


Write to: E. I. du Pont de Nemours & Co. (Inc.), 
Polychemicals Dept., Room 145, Du Pont Build- 


DIELECTRIC CONSTANT ing, Wilmington 98, Delaware. 
AND 
N A vs. TEMPERATURE ; In Canada: Du Pont Company of Canada (1956) 


OF Limited, P.O. Box 660, Montreal, Quebec. 
TFE-fluorocarbon resins 


TEFLON ‘ 
is a registered trademark... 


TEFLON is Du Pont’s registered trademark for 
its fluorocarbon resins, including the TFE (tetra. 


DIELECTRIC CONSTANT 


rs 80 120 160 200 fiuoroethylene) resins discussed herein. 
TEMPERATURE, °C. 
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SHEET & PLATE 


PVA W a 





It takes modern equipment plus craftsman- 


ship and know-how to produce fabrications 


such as the giant generator housing shown 

here— illustrative of Kirk & Blum’s ability 

to produce the unusual as well as the conven- 

tional types of weldments. In its 170,000 sq 
} n V1 ( I capacit ns 

Kirk & | m has con t iclities 

duce, preassemb!] nd finis wide VA 

oO bon stee stainless uminum, r 

ind « er ovs assemblies ‘ ick- 

ess. Fifty vear exception ied - 

perience is your added assurance 


ob will be done quickly and economi 


Send prints for prompt quotations or write 
for detailed literature: The Kirk & Blum Mfg. 


Co., 3122 Forrer St., Cincinnati 9, Ohio. 


ELECTRICAL ENCLOSURES AND HOUSINGS 
CONTROL PANELS AND DESKS 
BREECHINGS e STACKS » AIR AND GAS DUCTS 
CASINGS e LOUVERS e BINS e HOPPERS e CHUTES 
INSULATING JACKETING 
ALUMINUM AND ALLOY FABRICATION 


KIRK. flLum 


FABRICATION 
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for both forward and reverse. tests 


Reverse voltage supply regulated to U 5 


per cent. Either one of 3 preset voltages 


or continuously variable voltage from 0 


to 150 volts mav be selected Forward 


oltage supply continuously variable 
trom 0 to 2 volts 
Accuracy ot meters Is 2 pel cent 


Instrument housed in modular case 
1145 x 8°, x 61x in. Teletronics Labo- 


ratory Inc.. 54 Kinkel St... Westbury 


12 KV POWER SUPPLY 
Model PS12-T is an oil-filled 


illv-sealed unit incorporating full-wave 

oltage-doubler circuit. Delivers up t 

2 kv d t 1 ma and up to 1.751 

| kv tor « t pe is () ty \ pure 
© - 





irlable Irom ZeTo to 12 KV it rated 
load by varying input voltage to sepa- 
rate plate transformer. Regulation from 
no load to full load ipproximate lv 7 per 
ent. Output ripple 0.75 per cent max 
it rated output 

Solder seal-type terminals used to 
prevent oil leakage and CP1070 con- 
tainer provided for easy mounting. 
Plastic dielectric high-voltage capac- 
itors used, resulting in compact supply 
measuring 3°4 x 46 x 8 in.; weight 12 


lb. Film Capacitors, Inc., 3400 Park 
Ave New York 56. N. ¥ >590 


DIGITAL POSITION 
INDICATING EQUIPMENT 


Systems are designed to provide con- 

tinuous indication of shaft position on 

either digital display for visual indica- 

tion or on various recording media 

Recording can be done on an IBM 

punch typewriter, tape punch, or adding 
ichine printer. 


Models available to indicate feet ar 
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.-- Your best motc 





 UAP. 


é COLD PLATE controls 





minimizes transistor derating 


for thermal conditions... 


UAP cold plate U-521330, designed for Collins 
Radio Company, dissipates heat generated by power 
transistors used in ground and airborne electronic 
circuits. The heat is transferred across a pressure 
thermal contact to cooling air. The cold plate con- 
trols the transistor junction temperature within op- 
erating limits compatible with the installation. 
Therefore, transistor derating is minimized. 

The cooling air, which is forced through the cold 
plate, can be ducted from an air cycle refrigeration 
system; a ram air supply; an air manifold within 


2 ee 
SZ 


‘TRANSISTOR junction . 


the electronic compartment or a pressurized equip- 
ment package. 

The aluminum cold plates are bonded by UAP’s 
dip braze method which produces extremely light- 
weight assemblies with maximum heat transfer area 
within the core. Cold plates can be used individually 
or assembled in manifolded banks. 

, DESIGN PERFORMANCE CHARACTERISTICS 
OF U-521330 COLD PLATE 
Air flow: 7 Ibs. per hr. 
Air pressure drop: 0.25” H2O corrected to .0765 density 
Temperature drop in cold plate: 1.5°C per watt dissipated 





Weight: Approximately 1 oz. 


Performance characteristics can be modified to requirements. 


For complete information call the nearest UAP Contractual Engineering Office 


CALIFORNIA 
NEW YORK 
OHIO.. 
CANADA 
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.1101 Chestnut St., Burbank Calif., VI 9-4236 
.50 E. 42nd St., New York 17, N. Y., MU 7-1283 


an hha 1116 Bolander Ave., Dayton, Ohio, BA 4-3841 
United Aircraft Products, Ltd., 5257 Queen Mary Road, 


Montreal, Canada, Elwood 4131 


a famous family of, atrcrufe cosendinle since 1929 
UNITED AIRCRAFT PRODUCTS, INC. 


1116 BOLANDER AVENUE, 


DAYTON, OHIO 
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you can get this 
brilliant finish 
Cea OL 


zinc die castings! 





No electroplating--no 


mechanical finishing! 





PART AS CAST 


NEW rae ae 
TIRIDITE) (Cast-Zinc-Brite) 


iftens zine die castings by chemical 








ling, protects against corrosion 


NOW, FOR THE FIRST TIME you can get a brilliant, decorative finish 
directly on zinc die-cast parts . . . without mechanical finishing, with- 
out electroplating! The luster is provided by the chemical polishing 
action of new Iridite (Cast-Zinc-Brite) solution. Even surface blem- 
ishes, such as cold shuts, are brightened by this new process. No 
electrolysis. No special equipment. No specially trained personnel. 
Just a simple chemical dip for a few seconds and the job is done. 
And, this new Iridite has been tested and proved in production. 


CORROSION RESISTANCE, TOO! New Iridite (Cast-Zinc-Brite) provides 
exceptional corrosion resistance for bright-type chromate finishes . . . 
also guards against blueing or darkening by eliminating zinc plate 
formerly required in bright chromate finishing of zinc die castings. 


AS A BASE FOR ELECTROPLATING—Lower mechanical finishing costs are 
possible where plated finishes are required since the brightness pro- 
vided by this new Iridite may be sufficient. 


LET US SHOW YOU what Iridite (Cast-Zinc-Brite) can do for you. Send us at 
least a half-dozen typical zine die-cast parts for FREE PROCESSING for your 
own tests and evaluation. Or, for immediate information, call in your Iridite 
Field Engineer. He's listed under ‘Plating Supplies” in your classified ‘phone 
book. IMPORTANT: when you give us samples for test processing, please be 
sure to identify the aWoy used. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET 
BALTIMORE 5, MARYLAND 





Manufacturers of IRIDITE, IRILAC’™” , ARP® Brighteners and 
Plating Chemicals — West Coast Licensee: L. H. Butcher Co. 
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inches to one millionth of an inch; de- 
grees, minutes and hundredths of min- 
utes; hours, minutes, seconds, to hun- 
dredths of seconds: and empirical 
numbers up to readings of 10°. Utilize 
standard encoders and translating mod- 
ules. Encoders used designed to read 
out at speeds up to 120 rpm and to indi- 
cate continuously as position changes. 

Applications are in machine tool posi- 
tion indicating, chart and film reader 
axis position readout and layout table 
position. Datex Div.. G. M. Giannini 
& Co., Inc., 918 E. Green St., Pasadena 


1, Calif. >591 


A-C VOLTAGE REGULATOR 
Model APRI1O10 can be used to regu 


ee - 

late average and peak voltages as well 
as rms, independent of input waveforn 
By turning a switch, regulator output 
can be matched to requirements of load 
Unit also provides 5 different sen- 


ing arrangements: internal (normal a- 





Ts 
regulation), external a-c (any a-c volt- 
age). remote (115 volts a-c at a ren 
location). constant current and d- 


Terminals provided it rear to enable 


the 0.1 per cent a- load regulatior 
accuracy to be held at remotely locate 
load. 

The APR1010 features 3 per ce 
max harmonic distortion, 0.2 sec re 
covery with line changes and 0.1 
recovery with load changes: 0.04 pet 


cent drift in 24 hr and 0.1 per cent 
drift in 1000 hr. 

Specifications include: 95-130 volt. 
60 cps =10 per cent input voltage 
110-120 volts a-c rms output at 0-1000 
va: unity-0.8 lagging power factor: 
ambient temperature range 0-40 C. Also 
available for 50-cycle operation. Soren- 
sen & Co., Inc., Richards Ave... So 
Norwalk. Conn. >592 


PULSE CODE GENERATORS 


For study and test of memory com- 
ponents and digital logic, 5100A series 
generators provide high speed pulse 
programs at high impedance and power 
output. 

Single and multiple-channel 10-bit 
pulse codes are provided at clo« k rates 
to 1 me with controllable repeat of 
selected intervals. Output from each 


ELECTRICAL MANUFACTURING 
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Specify Century for top performance 


in motor-driven equipment 


The performance ¢ 


can depend on the motor that drives it. And the design of 


motor-driven equipment is not complete until the motor is 
specified. This involves careful consideration of motor type 


and of motor manufacturer as well. 


A familiar scene in the engineering departments of leading 
equipment manufacturers finds Century Application Engi- 
neers helping to determine the correct motor for the job. 


lopment 


They are often called in during the design and devel e 


stage. Through their know-how and experience they help 
select the motors to match the performance of the equipment 


Century motors write their own record of reliability. Get all 
y Century is your best motor investment. Call 
man or Authorized Century Distributor. 


he facts on wh 


your local Cent 


MOTORS 


CENTURY ELECTRIC COMPANY 


n 
ints in Principo Cities 
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Ideal for 
aan 
CONNECTION 
pHOTO-CELL WORK 
CONNECTIONS 


SHIELDED TYPE 


|| PLUGS & SOCKETS 


ay mis LOW LOSS PLUGS AND SOCKETS FOR 
<> HIGH FREQUENCY CONNECTIONS 


Howarp B. Jones Division 


CINCH MANUFACTURING CORPORATION 


SUBSIDIARY OF UNITED-CARR FASTENER CORP 
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this new 


gearhead 
motor 


PROVIDES LOW-COST 
SLOW MOTION ¥j 


g head m ° Bre s ume fF 
duced to your exact specifications— you can order fron 
3 wide stock selection, Modifications are easily made to meet 

ed speed, rotation, shaft length, and type of application 
(continuous or intermittent 


Write, wire or phone today, for informative bulletin EM-104 


Better still, outline your problem or send us your specifica- 


tions— 


BREVEL PRODUCTS CORP., 601 W. 26th St.. New York «© WA 4-4737 os 


SLOW MOTION IS OUR 


9232 Circle 240 on page 17 





BSBREVEG 


BUSINESS! 


WAIN 





channel variable from 50 ma to 5 amp 


peak current, with rise and fa 


ontrol provided 


Multiple channel outputs may be 
paralleled for high pulse 
formatior complex codes. Electro 
Pulse. Inx 11861 Teale St.. Culver 
Cit Calit >593 


ANGULAR ACCELERATION 
GENERATOR 


Angular accel ite 
inusoidal ar | »t 
hy ins oO ft 
witn ing! } is “w £ 
rign ing| to I 
g erator a py ith 
sour [ a- } i 
yuen low! 
i( g ga 

I ] ipply provid 
just t ot d- 1X 1 
to I i le itl 
Dri 1 i 




















334 


ary 


Wt. 187-19 179 Max. 178-186 


Cv) 


Viscosity (cps. 11,000-—16,000 6400 Max. 500-900 


To 7 


I Gardner) 5 Max. 1 Max. 5 Max. 





New Dow epoxies feature ‘‘lens clear’’ liquid resin 





Dramatic evidence of the striking clarity and purity of Dow _ specifications la | Dow t troduc . tl 

Ep xy Resin 3 32—unique member of Dow’s new line of near future, a mplete line of solid epoxy resins and a “ 

liquid epoxy resins~is shown in the illustration above. The line of polyfunct il liquid epoxy resins outstanding in 

n ying lens was actually cast from this new water- high temps S é 

ane In addition to improved clarity and uniformity, Prompt delivery of these three Dow Liquid E > 

DER 332 has very low viscosity, longer pot life and greater rompt delivery of these three w Liquid Epoxy Resins 

heat resistance than conventi nal epoxies. Cen oe maces ms, trucs r tank car lots. r more I 
format ( st 

Als » ay iil ible tor formulations whe re absolute I uritv 1s not D - « ile « f rit THI 

so important, are Dow Liquid Epoxy Resins 331 and 334. DOW CHEMICAL COMPANY, Mid- ELSE EN 

Dow’s position as a basic producer of all epoxy raw ma- land, Michigan, Coatings Sales ~ oa 

terials assures top quality control and a narrower range of Dept. 2259 N 


YOU CAN DEPEND ON 
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CHACE 
THERMOSTATIC BIMETAL 


nother Precision Product,. . . 














line voltage 
. > 
thermostat 


for 


Alaina 


eens 





—— ee ee 


A Product of 
Mears Electric Controls, Inc. 


Swan Island, Portland 17, Oregon 


“Sleek, slim and superbly engineered” is the Mears “decorator” room 
thermostat for all types of electric heating. And this is no idle boast, 
as the specifications indicate. It’s flat and unobtrusive—but handsome 
when noticed—and it’s engineered for accurate control of heating and 
cooling. Quick response is possible because this sensitive instrument 
is designed with full perimeter air space between wall and thermostat. 
The face panel is perforated to allow radiant heat to strike the sensing 
bimetal. Of course, the actuating element of Chace Thermostatic 
Bimetal assures dependability and sensitivity and the adaptable 
design make the Mears “decorator” one of the most acce ptable electric 
heat wall controls available, either painted to match wall color or in its 
neutral “Desert Sand”. Four models are offered: single and double line 
break, modulating and load transfer thermostats. 

Chace is proud to be selected by manufacturers such as Mears to 
whom quality is a fetish. We try to earn such confidence by devoting 
our experience of over a third of a century exclusively to the develop- 
ment and processing of precision thermostatic bimetal. Chace quality 
standards, proved and protected by rigid inspection procedures, are 
the manufacturer's assurance that his product will provide a long and 
useful life without attention or service of any kind. 

So remember Chace when you design for protection of valuable 
equipment or for temperature actuation or indication, Dependable 
Chace Thermostatic Bimetal is available in over 30 types, in strip, coil 
or completely fabricated and assembled elements to your design. 
Write today for new 1958 booklet, “Successful Applications of Chace 


Thermostatic Bimetal™, containing many pages of design data. 


W. M. CHACE CO. 


4 Theunostalic Bimeltal 


PRT eae ee ae ile 
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educe resona es we “up 


plifier and function generator ounted 
in relay wk cab t 1 
ometer Ise j ! I ing 

(,enerator . i é 
delivers rota no i i 

XIs rather, a pe 
move I circles t ‘ ‘ 

ind wW pl ne pery | 
Statham Ds velopment Corp 241) 
West Olympic Blvd.. Los Angeles 64 
Calif >594 


WIRE STRIPPER FOR COILS, 
CHOKES 


Model No. 2086 
stripping leads ot oke and 
breaker coils, when wound on s] 
torsion winders 

Signal fror i i yperate 


switch actuates stripper mec! s 





when wire is stationary and strippel 
follows this sequence of operation 
(1) wire is clamped, (2) rotating st! 
per blades close on wire ) stripper 
moves pre-set distance along wire 
blades open off wire : wire la 
opens and releases I xt W 

ng operation, Ls) stripper returns 


start position 


Standard model w strip '4 to ] 
insulation from round wires. S1 est 
wire which can be stripped is AWG N 
24 (0.0201): largest wire AWG No. 14 
0.0641 The Eraser Co.. In 1068 = 
Clinton St.. Svracuse 4. N. ¥ >595 
REGULATED POWER SUPPLY 
Model L3520A is « 
from 0-350 volts at 0-200 ma. Reg 
tion 0.1 per cent for 10 per cent 
or 0 to full load change lransie 
response 1 millisec; ripple 1 my. Bias 
source available at 0 to 150) volts, 
0 1t 5 ma: fila t t 6.5 
volts a-c, CT. 0-10 amy ine | 
range from 105 to 125 volts a it 50 


to 400 evcles 


Can be ordered for rack mounting 





with meters and cabinet optional. Di 


mensions are: panel—7 x 19 in.; depth 
8 in. Universal Electronics Co... 1720 
siete Bd ee Eee 





has the cure for vibration “headaches” 


the one-piece locking screw that 


won't work loose 
























HoLTiTE® NyLok Screws and Bolts are one of the many progres- 
sive ideas in fasteners pioneered by Continental. These one-piece, 
self-locking fasteners with the Nylon insert eliminate the need for 
lock washers, jam nuts, wiring, and similar devices. If you have 
fastening problems (like the applications below), for which Nylok 
is the practical solution, you can start now to save assembly dollars, 
and give your product a definite competitive advantage. 









HOLD FAUCET WASHERS FIRMLY 
AT CORRECT ADJUSTMENT 


Slotted round head Monel 
Bibb screw with NYLOK in- 
sert. Locks and holds secure- 
ly without excessive pressure 
that might deform washer. 


BEAT VIBRATION, KEEP CHAIN 
SAWS “ON THE JOB” 


Several styles of machine 
screws with NYLOK in- 
serts are used. Stay tight, 
ending previous customer 
complaints of high main- 
tenance costs. 





peeeeeeveee 






:e 








STAY TIGHT UNDER CONSTANT WITHSTAND REPEATED SHOCKS 
STRESSES IN METAL CHAIRS IN VISE JAW INSERTS 


Oval head machine screw Phillips fillister head ma- 
with NYLOK insert, used chine screw with NYLOK 
in telephone oper- insert will not back out 
ators’ chairs, under heavy 

solved problems of strains of 


excessive mainten- vise jaw 
ance, clothing : clamping. 
damage, etc. 





CHECK YOUR ASSEMBLIES. Find out where Continental cost- Eee See renee 
saving ideas, like Nylok, can cut your assembly costs. Continental NYLOKS LOCKS SECURELY 


a ; Rea ee ; : . ; Resilient nylon plug (A) sets up a lat- 
Assembly Specialists are fully qualified to analyze your operations oral throst, smeattily wedges mating 





and advise which fasteners — standard or special — can save you threads together (B). All locking 
most. For prompt service, write or phone: Continental Screw Co., action is on threade: heed to net 

ope ; : ; F stressed. Locking i tive... 
455 Mt. Pleasant St., New Bedford, Mass ao ee 


seated or unseated. 
siti One piece — no separate parts 
CONTINENTAL =@Q)=) “ccc 
~—* - “| Interchangeable — reusable 
ma = Locks seated or unseated 
HOLTITE FASTENERS a eee 


HOLTITE PHILLIPS AND SLOTTED HEAD 
WOOD * MACHINE * TAPPING * THREAD CUTTING * SEMS * NYLOK 
HY-PRO PHILLIPS INSERT BITS AND HOLDERS 





Acts as seal for gases, liquids 
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New trends and developments 
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actual 
size 






For Machine 
Tool 
Builders... 









Dust-Splash Proof 


ACRO 


METAL CLAD SWITCH 


Now the popular ACRO basic switch is 
available for many machine tool require- 
ments in a new die cast aluminum hous- 
ing. Seals out dust and liquids for longer 





core life. Four types of actuators to meet you! 
LUNGER ; 
specific need. Flange or side-mounts in 
any position. Electrical rating: 15 amps., 


115 volts A.C. or 34 H.P. 


Now ACRO and Robertshaw-Fulton 
Controls Company are working together 
to give you even better service on highest 
quality, competitively-priced switches. 
For further information, write for nev 
Data Sheet ES355 





ACRO DIVISION 


Columbus 16, Ohio 


In Canada: Robertshaw-Fulton Controls (Canada) Ltd., Toronto 


to 
tN 
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with meters and cabinet optional. Di- 


mensions are: panel—7 x 19 in.; depth 
8 in. Universal Electronics Co.. 1720 
22nd St.. Santa Monica, Calif >596 


HIGH POWER FREQUENCY 





CONVERTERS 
Model 411. 421 and 431 conve ire 
f 1 ‘ tion h ignet 
piifve te i ra l 
‘ ieq | 1 g ( 
TOO ps | ‘ 
Pow outy s 251 Mo 
11] (nt Model 421 1 1000 
{ Model 431. All thre 
vith | 1g power { 
7 ] gy 0 lagging \ We 
S700 ey 7 is 
On Mo 121 and 43] | 
iv y | ed 
i n and long I | 
8) iva ges include: less in 2 
har dl - 
gulation of ~2 | 
I 1] le id q | 
in 0.25 | ce t I i 
ip ] icy W 
lial ca Pel-Instrume 
| ( 28 a - 
Carl kn NJ >597 


FOUNTAIN BRUSH APPLIES 
MARKING DYE 


soft-hair brush with hol- 


attached to 


Consists 
low handle squeezable 
translucent bulb joined to screw-cap 
of non-breakable bottle. At lower end 
of brush handle is small capillary with 
opening at surface of brush. One charg- 
ing of bulb can be brushed on about 
550 sq in. of metal surface. At com- 
pletion of brushing, brush is put back 
into bottle to keep wet for subsequent 
use. Cap does not “freeze” to bottle. 
While brushing on vertical surfaces 
such as sides and ends of bars in racks 
during color coding, ample fluid will 


ee es nce cote 


New trends and developments 
in designing electrical products... 


P-6...A special General Electric magnetic alloy with 
high hysteresis loss and torque characteristics 


balt-nickel-vanadium-iron OUTSIDE CASING — materials tested, P-6 best ft 
eveloped DY G-E researcn P-6 LAMINATED RING NONMAGNETIC aes red characteristics 


is tne 





rs — possesses a ique com- 


Another use for P-6 is in hysteresis 





f hick sid induct y ao 
Dination of high residual induction clutches. This type of clutch is formed 
and iow coercive torce . : : : 

when the wound field in the nyster- 
These rti make it ideal for esis motor 1s repiaced by a rotating 
applicat here high residual in- permanent magnet member to pro- 





duction 1s required wit! 





field excitation. 


- cessive magnetizing forces necessary 


Although hysteresis clutches are 
ser than friction or magnetic 
particle clutches of the same torque 


ol } 
with other magnetic materials sucrl 





as the high cobalt steels, the cobalt- 


nickel-1Iron alloys, the cobDait-vana- sd 
oe : yY nave many advantages 


all 


degree of reliability, 





RETURN PATH Se) ai 
aaa MAGNETIC MATERIAL 





y, linearity, and freedom 





from excessive drag torque 
} aes = pecan FIG. 2—Rotor for gyroscope motor 


General Electric P-6 alloy is avail- 
uses laminated P-6 hysteresis ring , 


ble in strips from .010” to .100” 











aaah thick, and in widths up to four inches 
cons t and In wire for is available in .0201” 
th rotationé to .102” d 2rs. P-6 should be 
able of swaged, welded, ex- 
. t there is a truded ar General Electric 
P t teriz Engineers > experiment- 
r ¥ ¥ + tr 





operations 





-ctric 1S one OI the many 





t 4 | and the spatially revolving magneti examples of how G.E.’s research in 






















































A agnetic n off. The 
Because the the etical te ‘ - s e expel i faculties 
juced is directly proportional to the that made this development possible 
- hvsteresis loss in the rotor. it is ad- be put to work solving you 
aa oseniew , vantageous to obti in tne I ghy St I agnet pre blems 
ace See possible value of hysteresis loss in ies ‘pert design assist 
it 1 xpert design aSssist- 
. T y TY IT} ; 7 
} + ate 8 the rotor material Pe Maen Engineers. or 
= _Moge ersteds a Te qao tnis. a mate < I St ossess G-E Magnet 
a. | ner duct | hysteresis loss fc a give D nply write: Mag- 
G ysteresis loop, energy produc a : i 
j —— y + VPat ’ ; nr 
and magnetization curves for P-6 alloy | lagnetizing force. Figu Mate 8 Se ? Genera 
: 2 snc S a omp: betwee! P-€ B ( j o/ N. Neff Blu 
EX liehioa 
nd othe agnet + sc O Vi 707 
The residual induction of P-6 is r on — - 
e . ~ Coerc Force | 
14.000 gausses over 30 Sreater Matera eak Peak B Coercive Force Residual Induction Loop Area 
£ bs . Bt Cater Oersteds Gausses Hc —Oersteds B,-— Gausses Gauss -Oersteds 
than either 17 coDait-steel alloy me ee Sn ana + 
} " , 5 7 3,400 2 
or 6% tungsten-steel alloy. Th a 9 
- . Alley 4 a aa < 
maximum energy product of P-6 ° ‘ c 2 2 
is 410,000 gauss-oersteds. Figure 1 + . : J 
; shows the magnetization, hysteresis | 5.75% Chrome Stee! ? 6.9 38 4,606 2 
loop, and energy product curves for 9 8,7 44. 6,10 7 
P-6 aliOy | & 2 AR 9.250 2.872 
ees 91.4 61.9 6,950 1,885 
17% Cobalt Stee 7 >’ « ’ 4540 ata 
The P-6 alloy is also useful re | 69.6 5 0 2,315 446 
ease of workability of the magnetic i 45 , 50 OF -e 
1 ] } ar 4.% v ¥,'2 2° j 
material is desired. Because it is | 6% Tungsten 61.5 0 2 200 774 
1 } ey ea s | Magnet Steel - 8,5 20.5 6,050 = 
n 1 té perature, 1 can 4 Q 5) } 5 a 9 
eater operati tem- -—— 
r ; ; | Cc of an n 
than tungsten-steels and FIG. 3—Comparison of P-6 and three typical magnetic alloys. 





cobaltesteels without undergoing 


ibsequent aging F motor roto urtesy of Minneapolis-Honeywell Regulator Company 
sci ale sided: Seu Ha Bh as Progress ls Our Most Important Prodvet 
in rotors* for hysteresis motors (fig 


2). These motors exhibit high start 


igh start- T 
oe Coreen sd coe ay rernnine bigh G E N E R A L E L E t # I C 
inertia loads without auxiliary start- 


ing equipment. Most important, the 
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Another RCA First... 









ESCO standard components 
are assembled to meet 
your requirements. ° 


A deviation from one of our standard 
switch assemblies will give you a special 


PRECISION DRILLING 
J ise MACHINE 
switch at a standard-switch cost 


Over 90° of our production is special Eliminates 





in One way or another common errors - 
‘ 
operated = pl es > g 
; ‘ ~ <CrTeWw ind j i wt 
OOO] a measure! 
. _ 43 
J » 


These standard switches can be 


modified to fit your application 


© Type A — up to 8 positions sections 
maximum, det nechanism, rating 5 
mp. 125 volts a-c 30 volts d 


VC G-e 


* 
/ @ Type AF — up to 8 positions. 6 sec 
; tions Maximum, detent action, rating 
& with resistive load § amp. at 28 volts 
j r 115 ts 400 cp ner N : 
] Oo il vo +t Cps Cl 
TYPE A/AF os , t t Ml 





M +} S-6807 
ms 


¢. 
¥ € @ Type P Multi-se 





uuons, snap-action 


volts a-c, 5 amp. 125 volts d-c, 30, 60 


100. 200 amp SOO volts a-c. or 250 
volts d-c. Can be assembled to ree 







| ad bes) | fea [hed Specification MIL-S 152 y} 


geocre + 
a @ Tvpe JR -~ up toa positions, 50 sec 
t 























tc tae oir s 
*< -enet. fou HT tions Maximum, detent action, rating 10 
. La ee = -. : . 
= ee amp 125 volts a-c > amp 125 volts d-c ting 1s positively locked during dr 
ar coo u*" : ‘ - 2 me " 
a oT FS e@ Type JD-JS up to 8 positions, 5 sec- Wear on lead screw is nimized 
i ' i 
7 tions Maximum, detent acthon or snap 
5 lun ete cause t is sed or s 
2 action, rating 30 amp. 230 volts a-c : , oe . 
r dimensions 
@ Type HI up to 16 positions, 10 sec- B . 
tions maxim detent action, rating pase ime Is establisned anywihe 
amp. 125 volts a-c within 24 x 24 in. table | id y 


@ Geared-Pair Type HT — up to 16 posi- zero position of built-in flexible steel 
tions, 20 sections maximum, detent 


tion, rating 5 amp 


TYPE JS-JD 


ac- tape which can be read to 1 t or left 


ae 





ee ts from zero 
single knob controls two Type HI ee 
switches assembled with a gear mech- Integral bend allowance cals 
anism permits drilling in the flat with prope 


@ Navy Switche to MIL-S 1529] and compensation Tor material stret 


Bureau of Ships drawings 9000-S6202 around bends. For material up to 0.100 
- 2906 7440) an 
29 and in. thick. Wales-Strippit Co 99 <, 


44 
others 


Buell Rd., Akron, N. >599 


3075, 73826. 73827. 7 


Write for data sheets on_ individual 
TYPE HT (E switches or complete new catalog on ESCO 
rotary multipole switches. Send us your 
requirements and we'll give vou full specifi- 
cations on the ESCO switch that meets AUTOMATIC WAVE 
your need 
re me ANALYZER 
ESCO WEY Analyzer provides frequency analysis 
of WEYMOUTH SS 
analysis in permanent record of a1 
aS ht TED Cae ee ele Gell. teas iach aenien “Saute, shiners 


Weymouth 88, Massachusetts are plotted as either amplitude vs tre- 


quency (Fourier power vs treque! 
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RCA-7086...Xenon 
Thyratron Forced-Air- 
Cooled, Negative- 
Control Triode Type 


Ph ae 


y period of 15 seconds m 


RCA-7086 DATA 


nr 


o 0 


OONn ww 


o 


r RCA Field Representative w 
pp 


be 
tion of this new thyratron with de 
power-control equipment. For 
non the RCA-7086, write RCA 


gineering, Section E-54-Q, Harrison 


| RADIO CORPORATION OF AMERICA 


Electron Tube Division 


a technic 
Commercial 


New Jersey 


Harrison, N. J. 
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Atlanta 


Choose from 


15,000 CONDULETS 


for any electrical job, big or small 


What classifications of electrical equipment do your 
specifications call for: Explosion-proof? Dust-tight®? 
Weather resistant? Conventional? 

You'll find them all in the Crouse-Hinds Condulet line 
Here is the world’s broadest selection of plugs, receptacles, 
lighting fixtures, panelboards, motor controls, junctions, 
fittings and related items. 


Condulets Look the Part...Act the Part! 


Condulet designs blend with your own: they install 
easily, look well, perform superbly. They add sales appeal 
to your product because of their reputation for durability, 
appearance and ease of operation. 





For a single item of electrical equipment, or for highly 
complex installations, call on your Crouse-Hinds distributor 
for everything you need! For aid on special problems, call 
the nearest Crouse-Hinds field office listed below. 


*Dust root 


MAIN OFFICE AND FACTORY: SYRACUSE, NEW YORK 






a 
fe 





4 ao 
vs ay oo mae 
LIN 

A ce 6A 


@ CONDULET® ELECTRICAL EQUIPMENT (Explosion-Proof and Conventional) © FLOODLIGHTING 
@ TRAFFIC CONTROL SYSTEMS @ AIRPORT LIGHTING and WEATHER MEASURING EQUIPMENT 


These products are sold exclusiv 
of the following offices: £ 


F ind, Ore 
Resident Representatives 


1cksor ‘ Reading, Pa R 
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ely through electrical distributors. For application engineering help, contact one 





ng and test 





| i 
time 

Frequency WCUTaLYS Witt! | cps 
from 3 to 50 eps and 2 per cent from 
90) 10 kK Amplitude accuracy = 5 
per cent ot reading or = 0.2 per cent 
of tull seale hichever is larger. Com- 
ponents include an oscillator-controller, 
filter-detector, demodulator, main power 


control panel, ll-in. log scale recorder 
and regulated plate and filament supply 
Davies Laboratories, Div. of 
Minneapolis-Honeywell Regulator Co., 


10721 Hanna St., Beltsville, Mad > 600 


voltages 


COMPACT POWER SUPPLY 


Model 10-l-1 of series of 
power supplies that will deliver 10 kv 


Shown 1s 


d-c at 1.25 ma with ar 


rms ripple of 





0.25 per cent at 60 cycles or 0.04 per 
cent at 400 cycles. Dimensions are 3 x 
»/2 X 5 » In. 

Features ire reversible polarity, 
shielded polvethylene output cables, 
ind selenium rectifiers. Unit is em- 


bedded in an epoxy resin and hermeti- 
cally sealed. Compact design for chassis 
mounting is one of the main teatures. 
Del Electronics Corp., 521 Homestead 
Ave.. Mount Vernon, N. Y. >601 


Columbia 


i te _ £9 


proc edures 








Twist wires... dip in solder 
joint is complete without stripping wire with Analac! 





film-insulated. solder- 


able magnet wire can be used just as vou use 


Anaconda’s Analac’ 


Formvar or Plain Enamel—except that it is 
solderable without stripping! 

Saves time and money wherever many sol- 
dered connections are to be made. Soldering 
by dipping. iron or gun produces a perfect 
joint. 

Performs well in high-speed winding. Analac 
has the excellent abrasion-resistance and 
other good mechanical properties of the 


enamel wire voure now using 


Distinctive red color simplifies identification 
. is highly visible, helping operators turn 


} 


out higher quality work. Color is stable dve 


used for identical applications for vears 
Available in exceptionally wide range of sizes. 


The Man from 


intormation 


Anaconda can give vou more 
d help with a production run 
in vour plant See “Anaconda” in vour phone 
book—in most principal cities—or write: 
Anaconda Wire & Cable Company, Magnet 
Wire He idquarters Muskegon, Michigan 


» 


See the Man from 


ANACONDA 


for ready-to-solder 


Analac 


magnet wire 


NEW CATALOG ON ANALAC 
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Anaconda Wire & Cable Company 
Magnet Wire Headquarters, 
Muskegon, Michigan. 


magnet wire 
NAME & TITLE 
COMPANY 

ADDRESS 


CITY, ZONE, STATE 


Please send me catalog C-95A on Analac re 








Literature 


for the 


Design Engineer 


All-new listings of manufacturer's literature just off the press 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


enel gized end pr oduc «g 


ROTARY SOLENOIDS AND STEPPING 
MOTORS Four page I illetin No 


I 


LIS7LS describes line of LEDEX rotary 


solenoids. selector Swit hes hermeti- 


eally-sealed selectors and Syncramental 
stepping motors. Contains dimension 
ind torque chart for all stock solenoid 


dels, cutaway drawing of stepping 


motor. dimensional dat n selector 
switches, and brief review of sealed 
selectors ilong with i} Istrations and 


; 


descriptions. G. H. Leland, Ir ->62] 
SILICON RECTIFIER EQUIPMENT 


Four page bullet n GEC-1485 


» describes 


es { self-protected” — sill 
powe conversion units gned 
general purpose industrial applications 
including power supp! for machine 
tools and other applications requiring 
250-volt d-c current up to 600 kw. Ap 
plication data, ratings. features and per 
I ince data, plus photos irts and 


iphs. General Elect ( >622 


RIGID, SEMI-RIGID 
URETHANES 
rigid and 

| 


thanes used in electronic. instrumenta 


FLEXIBLE POLY- 
flexible Statoan 
tion. machinery design and other fields 
for vibration damping. insulation, struc- 
tural strength. cushioning and_ flota- 
tion in ludes des ription of usage, proc- 


formulations 


esses, physical properties 
d engineering data. American Latex 


Products Corp ->623 


BOBBIN CORES FOR COMPUTERS —Bul- 
letin DN-1000 describes Dynacor bob- 


248 


bin cores using ultra-thin tape for de 
signers using magnetic core logic for 
computer, counter and control circuits 


Included are characteristics. electrical 


performance, characteristic curves, tvp- 


Dynacor, In >624 


ical noise ratios 


SYNCHRONOUS GENERATOR Bulletin 
51B8909 describes line of redesigned 
synchronous generators in single-bear- 
combustion en- 
standard SAI 
units tor 
Avail- 


; ; = 
ible in ratings from 30 through 150 kw 


ing units for internal 
vines, close-coupled to 
flanges. or in two-bearing 
belt drives or direct connection 
ym 50 through 300 


Allis-Chalmers: Manu- 
->625 


it 1800 rpm and fr 
kw at 1200 rpm 


facturing Co 


DIGITAL SYSTEMS 


“Digital Svstems with 


entitled 
suilt-In Rely 


illustrates con 


Bro« hure 


ince” explains ind 


pany’s “rely/ance” engineering philos 
ophy that reliability and ease of main- 
tenance are le 


inseparable features of a 


truly functional system. Cataloged are 
omponent features of digital systems 
such as voltmeter 


ratiometer, ol nN 


meter, 


control and printer units. a- 


onverters and master scanners. Cubic 


Corp. ->626 


HOW TO USE DELAY LINES —Twelve- 
page bulletin No. 18 not only deals 
with recommended procedures for as 
sembly and installation of delav lines 
but is filled with oscillograms and draw- 
ings to facilitate testing these lines 
Divided into 4 major sections: mechani- 


cal and electrical terminations, mount- 


Columbia 
-> 627 


ng and test 


pro edures 
Technical Cor p 


HIGH ALUMINA CERAMICS — File fold- 
er of high alumina ceramic standard 
and special products contains informa- 
tion on physical properties and char- 
acteristics of Diamonite, as well as 
other 
technical information to assist design 
Diamonite Products Manu- 


facturing Co. ->628 


individual catalog sheets and 


engineers 


LATCH RELAYS 
7305-PMI 
cally-held latched-in relays which need 
no extra vertical height. Bulletin out- 
lines features, 


Illustrated bulletin 


describes line of mechani- 


shows all 9 standard 
from 2 to 10 


space-saving 


models poles, ind 


diagrams 


possibilities 


Numbers of circuits and combinations 
ivailable are tabulated. and table of di 


Clark Controller 
Co. ~>629 


mensions is included 


CHEMICAL MILLING AND METAL FIN- 
ISHING 


chemical 


Illustrated color brochure on 


milling and metal finishir 


describes advantages and eng 


gineering 


ipplications of chemical milling and the 
operations involved pictorially and 
Also included is information 
on the Dow and HAE processes (proc- 


phically. 


color anodizing 


essing of magnesium), 


anodizing, vacuum cadmiun 





plating 
(only process that eliminates hydrogen 
embrittlement) and other metal finish- 
ing processes. Anadite Inc >630 
INDUSTRIAL RHODIUM PLATING 

[Twenty-four page booklet tells where 
when and how to use rhodium electro 
and other 


plate for electrical, electronic 


Booklet ves 


industrial applications y 
detailed analysis of advantages rhodiun 
electroplate will provide in specific ap- 
plic ations. Information includes hath 
preparation and control: determination 
of rhodium in plating solutions: equip 
ment required; current densities; and 


general operating Instructions Sel-Rex 


Corp. ~> 631 


ELECTRONIC, MACNETIC, ELECTRICAL 
ALLOYS 


fabrication characteristics of special al- 


Engineering prope rties ind 


leovs for electronic, magnetic and ele: 
trical applications are detailed in this 


64-page book. 


stants, mechanical properties, 


Covers physical con- 
working 
instructions, heat treatment and corro 
Data 


properties ot 


sion resistance in all categories. 
included on magneti 
high-permeability alloys, magnetic core 
irons. and non-magnetic stainless steel 


ihe Carpenter Steel Co >632 


RECTILINEAR TRANSDUCERS 


page folder contains operational charac- 


Four- 


teristics specifications and applications 
of a-c linear pickoffs for measurement 
and servo applications. Units employ 


ELECTRICAL MANUFACTURING 
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OPTICALLY FLAT CAPACITY COMMUTATOR 4 HIGH-TEMPERATURE AIRCRAFT TERMINAL HIGH-TEMPERATURE A-N CONNECTOR 
' 
PLATE |SUPRAMICA 500 BLOCK |SUPRAMICA S60 : SUPRAMICA S60 
eS NN. ns CR NA ETAL RONEN CARNES | TST UR RRR 
; 
; 
' 
RADIATION RESISTANT AIRCRAFT ENGINE HIGH TEMPERATURE FIREWALL ORGANIC VAPOR FREE HIGH TEMPERATURE 


CONNECTOR|SUPRAMICA S55 ' THERMOCOUPLE/|SUPRAMICA S55 SEALED RELAY SUPRAMICA SSS 
' 


eae oe a ES NRE RET eA He ERT NR A OTH yomwe ee or eas ee one Ree ee ee ee > FORE RL EET 





HIGH TEMPERATURE ceramoplastic INSULATION 





SUPRAMICA ceramoplastics provide broader closely matched. Other desirable properties are high di- 
design scope for product engineers electric strength, radiation and arc resistance, low elec- 

trical loss, resistance to moisture, oil and organic solvents. 
Increased thermal endurance . . . total, permanent dimen- In thousands of military and critical industrial applice- 
sional stability . . . better electrical properties . . . lower tions, SUPRAMICA ceramoplastics are contributing to 
density and improved machineability of SUPRAMICA better, safer, more reliable operation of electrical and 
ceramoplastics bridge the design gap between organic electronic equipment 


plastics and conventional ceramics. The world’s most Write for complete technical information. 
nearly perfect insulation, SUPRAMICA ceramoplastics SUPRAMICA* 560 — for temperatures over 500°C (932°F) 
allow product engineers to meet the requirements of SUPRAMICA* 555 - 


for temperatures up to 650°F 
today’s thermal problems. 


SUPRAMICA* 500 — sheet and rod material for machining 
There is no possibility of shrinkage, growth or age poly- 


merization since the materials are completely inorganic, *SUPRAMICA is @ registered tredemerk of Mycelex Corporation 
: of America. 560 and 555 and 500 are trademarks of Mycalex 

made with SYNTHAMICA®* synthetic mica. Metal inserts Corporation of America. 

molded in SUPRAMICA ceramoplastics cannot loosen dur- SYNTHAMICA is a trademark of Synthetic Mica Company, o divi- 

ing thermal cycling because coefficients of expansion are sion of Mycalex Corporation of America 


MYCALEX 


CORPORATION OF AMERICA 





EXECUTIVE OFFICES GENERAL OFFICES AND PLANT SALES OFFICES 
30 ROCKEFELLER PLAZA CLIFTON, NEW JERSEY CHICAGO - LOS ANGELES - DAYTON 
NEW YORK 20, NEW YORK WASHINGTON - MIAMI 
z 
& 


WORLD'S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODUCTS. 
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TO OBTAIN 
PRECISE SPEED 
DETECTION 

& CONTROL 


Here’s the secret of the unique 
“instantaneous” SYNCRO- 
SNAP action. Fhe two charts 
below compare standard gover- 
nor action with that of the pat- 
ented SYNCRO-SNAP. 


CONVENTIONAL CENTRIFUGAL GOVERNOR ACTION 
GMMR CENTRIFUGAL FORCE 
[_] SPRING FORCE 


— 


EFFECTIVE 
ACTUATING 
FORCE 


RELATIVELY 
SMALL 


EQUILIBRIUM 
ACTUATION SPEED 





RPM — 


SYNCRO-SNAP SNAP ACTION 


NCREASING ————> 


MMMM CENTRIFUGAL FORCE 





34 W. Monroe Street + 


] SPRING FORCE 
= EFFECTIVE 
ACTUATING 
FORCE 


EQUILIBRIUM 
ACTUATION SPEED 





RPM — INCREASING ———> 

By obtaining a much greater 
quantity of force after equili- 
brium, the SYNCRO-SNAP 
provides a means of detecting 
speeds at great accuracies (one 
unit designed to actuate within 
3 RPM at 7400.) In addition, 
this new design is frictionless, 
and permits a uniform operat- 
ing life of 1,000,000 cycles, or 
even more if required. 
SYNCRO-SNAP speed detect- 
ing mechanisms are furnished as 
component parts for your own 
integral assembly, or can be 
supplied in range of 
open, closed, or explosion-proof 
housings for external mounting. 
In addition, 3 basic types of 
SYNCRO-SNAPS are available 
for use singly or in combination 
to meet even the most intricate 
speed detection and control 
problems 

Write, phone, or wire for speci- 
fic information relating to your 
requirements. 


wide 


TORQ 


ENGINEERED PRODUCTS CO., INC. 


Bedford, Ohio + U.S.A 
BEdford 2-4100 
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differential 
maximum 


variable permeance and 


transformer principles for 
reliability under 
Crescent Engineering & 


> 633 


and accuracy severe 
environments. 


Research Co. 


FERRAMIC MATERIAL FOR MAGNETIC 
CORES—Bulletin No. 324 describes S-4 
material in the F394 size for mag 
cores to be used in 


metic 
high-speed coinci- 


dent current memory. General. electri- 
cal and mechanical engineering data 
are included, as well as switch time 
curve. General Ceramics Corp. >634 


HOW TO SELECT A D-C SOLENOID 


[wenty-four page bulletin describes 
fundamentals 
tion and lists fac 


lecting a 


basic of solenoid opera- 
tors to consider in se 
articular job 
data 
solenoid best suited for 


work load, 


solenoid for a 
Included are graphs and ‘ced al 


for determining 


given requirements of size. 
we cht. available power and environ- 
ment. Cannon Electric Co >635 
RESISTORS AND CONTROLS Catalog 
No. 58 is divided in two sections: first 


section is de voted to for 


items 


service 


such is 


replacement parts for radio 
IV and electronic servicing; second 
section is devoted products for in 


dustrial field iniaturized controls, se 


lector switches, potentiometers. single 
turn. multi-turn and prototype controls, 


litable for laboratory ist (larostat 


> 636 


SELF-BALANCING POTENTIOMETER 


italog 17B100 describes O-R-P cell 
id potentiometer-type recorder for 
neasuring. indicating ind recording 
oxidation-reduction potential. Electri 
electronic or pneumatic control function 
nav be added for automat ntrol of 
itch or continuous processes Fischer 
& Porter Co. >637 


COATING CHEMICALS FOR ALUMI- 


NUM Bulletin 1424-A deals with line 
ot protective ind prepaint oating 
chemicals for alumi Discusses ad 
vantages of coatings. methods of appli 
t ind e¢ sed } he pr 
. Lists ty] pro 
reated and ji s selectic { 
\ ican Che P ( >638 
LOAD BANKS I g ita and 
ing guide for standardized load 
nks (Bulletin 39) is intended to give 
} purct ising engineer a wide range 
ecti« ling 1 stor and 
t= associated switching th econ 
ind speed of production. Included are 
tables for selection of resistors. ex- 
imples ind = dimensior drawings 
x ard Leonard Electric ¢ >639 
PRECISION STAMPED GEARS Twenty 
page booklet illustrates vpical ex 
imples of precision stamped gears and 










electric motion control 


FACTS 


for IDEA ME 


Electric clutch provides 
quick-acting power link 
for tape-indexing drum 








PROBLEM: Te 
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from tape per 
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hws Perforated tape 
vs a 
e-drive | ri 
wering th aper feed drum. Drur 
€ speed Driving 
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Want more IDEAS? 


- ’ , ¢ ‘ 


W rite 
industrial Products Division 
Warner Electric Brake & Clutch Co. 
Beloit, Wisconsin 
’ Beat competition with 
ELECTRIC BRAKES 
AND CLUTCHES 








How BUSS Heat-Limiter operates: 
A BUSS Heat - Limiter has a thermal 
cut-out that opens the circuit if any- 
thing causes the temperature to rise 
above its opening point. 








TYPICAL APPLICATIONS 
FOR BUSS HEAT-LIMITERS 
ARE: 






If overheating 
can cause trouble — 


BUSS HEAT-LIMITERS may 


be your answer! wor iacquen —-“*aonnaron 





SPRAYS 
es =x @> 
BUSS Heat-Limiters are being used BUSS Heat-Limiters are available — KK wm z 
to protect many types of electrical in many types and in many styles of enna 
devices or apparatus against excessive terminals to suit requirements. ee OO” 
I COOKERS 
heating creating a hazard or resulting OVENS 
I ; Tell us your prot and let BUSS 
engineers work with you to help solve it. and other devices or apparatus where 
Where thermostats are used, BUSS excessive heating or failure of tem- 
eat miters provide ideal back-ur ‘or more information use coupon or : 
enseonierins <ipkiad nsdn Fae noe ' perature contro! might cause trouble 
pr si rmostat fail write... Bussmann Mfg. Division 
oe te or a hazard. 
for any re n McGraw - Edison Co., St. Louis 7, Mo. 
| Bussmann Mfg. Division (4 wt 


] Addre 
ANOTHER | 
OUTSTANDING 
DEVELOPMENT 


puss ruses || BUSS Safety Valve HEAT-LIMITERS 


we 
a 
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protect cathodes in RCA's 


TV microwave relay system 


When the industry required a portable microwave repeater station 
that behaved like a permanently installed, unattended unit, RCA 
developed its Television Microwave Relay Station, Type TVM-1A. In 
it, to protect the unit’s cathodes, RCA design engineers rely on G-V 
thermal time delay relays to delay the application of plate voltage. 


In both industrial and military equipment, G-V thermal relays are 


p 
providing long, dependable, proven service in time delay applica 
tions, voltage and current sensing functions and circuit protection. 


G-V CONTROLS INC. 


8 Hollywood Plaza, East Orange, New Jersey 


252 Circle 254 on page 17 





lists major applications, size limits, ma- 
terials and finishes. Includes gear-de- 
sign suggestions, tips for avoiding 
mistakes in procurement of gears, and 
basic gear dimensional data. Also. a 
description of the anti-backlash feature 
and gear-tooth formulas and terms 


Fastex Div., Illinois Tool Works. —>640 


ELECTRO-MECHANICAL BREADBOARD 
PARTS —-Twenty-four-page catalog in- 
cludes more than 50 photographs and 
dimensional drawings of 117 parts 
cross-indexed for easy reference. Lists 
basic components such as grid plates 
shaft hangers. component hangers. shaft 
couplings and hardware. electric and 
mechanical limit stops, magnetic 
clutches and ball and dise integrators 
Helipet Corp.. a div. of Beckman In- 
struments, Ini > 641 


TEMPERATURE CONTROLS—VNine dil 
ferent types of temperature controls are 
described in condensed catalog MC-156 
Included are cartridge-stvle THERMO. 
SWITCH units for industrial use 
midget and miniature models for “tight- 
spot” applications, surface mounting 
and high-current capacity designs. DE 
TECT-A-FIRE units for overheat o1 
fire protection, 2 different thermistor 


controllers and mechanical indicating 


controller. Temperature and = current 
ratings are given tor ill = model- 
Fenwal. Ine. >642 


VIBRATION AND SHOCK-MOUNTING 
SYSTEMS. -Four-page bulletin No. FIA 
describes engineered vibration ind 
shock-mounting svstems for iirborne 
electronic equipment and other app! 
cations. Descriptions and illustration- 
are given of variable-damped engineer 
ed mounting systems. plus a detailed 
discussion of design and selection of 
component parts of these systems. Fed 


eral Shock Mount Corp >643 


PULSE HEIGHT ANALY ZER—Four-pace 
Bulletin No. 400 describes Model PA- 
100 multi-channel pulse height analyzer 
and covers features and applications of 
the 50-channel analyzer. Also included 
are specifications. physical and electri 
cal descriptions of component parts of 
the various modules that go into the 
unit. Eldorado Electronics. >644 


RESEARCH AND DEVELOPMENT —-F our- 
page illustrated brochure “Decade Of 
Experience—Electronic Research & De- 
velopment” includes a background de- 
scription of the 10-year-old company. 
its facilities, and many new statistics 
resulting from its 10 years of operations. 
Electronic Engineering Co. > 645 


HIGH CURRENT SELENIUM RECTIFIER 

Bulletin 3116-1 gives detailed infor- 
mation on a high-current selenium rec- 
tier. including performance data, rat- 


ELECTRICAL MANUFACTURING 

















If it’s accuracy 
you're after, call a Hoover Man 


Sometimes a mere “bull’s-eve™ for 36 vears for varied industries. and 
isn t enough. Die casting can be like that they seem to like our pin-point precision. 
. Where a little extra accuracy makes \lavbe Hoover has the answer to vou 
a big difference. We've been offering die casting problems. too. Why not call 
quality aluminum and zine alloy castings one of our Sales Engineers and find out? 
eS 
THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 px 
In Canada — Hamilton, Ontario ak 


DIE CASTING » HOOV 
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ne tables and engineering application 
data Rectifier ivailable in 6 cell rat- 
ings: 18. 22. 26. 30. 33 and 36 volts. 


Vickers Inc... Eleetrie Products Dis > 646 


ROLLED AND FORGED HIGH-MANGA- 
NESE STEEL Booklet describes the al- 
! inlimited iniety of applications 


or tough wear-resistant ROL-MIAN 


rolled and forged high-manganese steel. 
ROL-MAN rolled and forged manga- 
nese steel ha-~ a dense intforr fine- 
vrained struct f Special heat treat- 

t ie lop j 

eth Be \pl ) Ss 

vine gy Aberieg ‘ july 
ped I 1ustry 
' < t< 
} 


Manganese Steel Forge ¢ > 647 





Why it will pay you to send your CERAMIC PARTS GERMANIUM ALLOY JUNCTION TRAN- 
requirements to WISCONSIN PORCELAIN CO. SISTOR — Four-pa 


ECG-292 on 


FIRST: You will get the benefit of FOURTH: You will join a distin- 









39 years of experie 1 efficient and guished list of companies who have . 
2 e y ~ pil 
economical production of ceramic parts comet on us for just th 1is kind ' 
. . © nt ‘ lect 
to meet your exact needs of s ial 1 
i I i I gy ot 
SECOND: A wide variety of por- Send us your requirements today. howi t he de 
celain, refractory, steatite and filter ill do. You'll . ( : f ( C . 
é ¢ ee 
bodies is available to you. Our uniform, get a prompt reply er ie pe 
= , 
tough, accurate components pay off on- Seated tebe ities id Nibartiesis ° 
the-line in faster assembly, increased Fel dipetes sees 10 ; ; 
production efficiency Pop ere eee 1'2 IN. 300 SCALE METER Envineer- 
VaUcIion HCICTICY 
ng data sheet describes Model 173 1) 
batts: We“knendcives mom NOCRNENE PORCRAN CO. : sedan. 
: ee ee ee i 10) scale pane meter -trument 
lee Minin asin Keb eek SOEs. 115 MARKET ST., SUN PRAIRIE, WIS. | . 
2 t : 2 } yy il 
24 hours a day without a shut-down Located in the Chicago Industrial Area) 
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DURAKOOL se 


Tilt Switches oo RECORDING, CONTROL- 








h Lif f LING THERMOMETERS. } if: X pag 
are The LITE OF YOUF _arstor 0602 describes tine of B 
Automatic Controls 0 
Utomatic Controls — c Vevrsmeed. ex 
LO : ES 
vi n fea ( | 1) >6 
ci a ELECTRON MICROSCOPE S 
vf EM-75B e 
* tast e 
See telephone directory for local distributor, or write >" E ; Nae pepo ‘a : pl ae 
DURAKOOL, INC. Seer A a aa eae a , 


ELKHART, INDIANA, U.S.A. Lee wilbstlen ail montanes Deitel 
700 WESTON RD., TORONTO 93, CANADA Philips Ele 


eo ees 


ANTI-FRICTION BEARINGS — Bulleti 
AFB-2 describes design requirements 
for anti-friction bearings of unusual 


‘Durakool 23". 


254 Circle 257 on page 17 ELECT! 


shapes and sizes, and provides informa- 





tion on suitable bearing component ma- 
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How Magnets Help Solve 
Your Measurement ey 


This is a review of how magnets, magnetic devices 
and magnetic phenomena can be used to solve 
certain measurement problems, to improve pro- 
duction efficiency and to cut manufacturing costs. aliN 


Highly accurate and efficient measure- 
ment is an essential part of modern 
manufacturing. Today's mass produc- 
tion techniques require speedy analysis 
of conditions and dimensions of parts 
and materials. Literally hundreds of 
measurement problems are being solved 
effectively with instruments and devices 
that employ magnets 


ELECTRICAL 
MEASUREMENTS 


Most common of the uses of magnets in 
measurement is in electricitvy—in such 
devices as ammeters, voltmeters, volt- 
age protectors, KVA meters, power 
factor meters, arc-back indicators, limit 
and flow switches, frequency meters 
galvanometers and oscillographs. In the 
ammeter there is either a stationary 
coil and a magnet that rotates when a 
current is passed through the coil, 

a stationary magnet and a moving coil. 
The voltmeter is similar, with a high 
resistance in series with the coil. 








Also similar is the galvanometer, but 
it is much more delicate and sensitive 
An oscillograph is a special form of 
moving-coil galvanometer. Potentiom- 
eters, which measure sm 
tive forces, cons 
ances and a 


all electromo- 
st of a circuit of res 
galvanometer. Freq 
meters depe nd on the effect of the 
currents in two shunt circuits on a 





moving coil. One circuit contains in- 

ductance and the other capacitance 
Magnets in galvanometers and oscil- 

lographs combine with electromagnetic 








ted and recorded measurements, often 
remote from the locations of the meas- 
urements 


waves and electrons to provide integra- 


LINEAR ee 


Even the most simple linear measure 

ments are assisted - magnets — ‘wt 
magnetic bases on height gauges, indi- 
cators, dials, roundness gauges, carpen- 
ter levels and magnetic plumb-bob. The 
thickness of a non-magnetic coating on 
iron can be determined by measuring 
the gap between the magnet in a tester 
1 tl 


ana 








le Iron object 


Radar sends out a high-frequency 
electromagnetic wave which is reflected 
back from the target to a receiving 
antenna. Speed of the wave is known, 
so that distance can be determined by 
measuring the time between emission 
and reception of the wave. The heart 
of this instrument is the magnetron 
vacuum tube, which depends on a 
high-intensity, uniform, permanent 
magnet field. Sonar is similar to radar 
except that its energy is in ultrasonic 
waves of 10 to 40 kilocycles. 

Distance is also measured by proxim- 
ity fuses and switches. The fuse de- 
pends on a permanent magnet genera- 
tor for energy. It sends out a signal 
which is reflected by the target to 
actuate a firing mechanism; thus, a 
direct hit is not necessary. In the switch, 





MAY 195% 





a magnet is attracted to any iron or 
steel that comes near, closing the switch. 
Direction can be measured by the 
aircraft direction indicator, the compass 
and the remote-reading compass trans- 
mitter. All these devices depend « 
magn 


AREA MEASUREMENTS 


Applications of magnets in land meas- 
ure are numerous. We have magnetic 
maps, charts and markers, and vast 
areas are surveyed and measured by 


radar and sonar 








In the future it is likely that televi 
sion, which uses magnets for focusing 





ion traps and loudspeakers, will be used 


to measure areas 


VOLUME 
MEASUREMENTS 


Liquid-level indicators and float 
switches often transmit the motion of 
a float to the indicating mechanism by 
magnetic attraction. In flow meters 
volume of liquids and gases may be 
measured through a seal by such de- 
vices as a permanent magnet rotor 
turning in a venturi, a rotor in a liquid 
cutting flux lines of a magnet, molten 
metal flowi through a pipe and cut- 
ting ma gnetic flux, a magnetic clut 
between a float and a recording mech- 
anism 


TIME MEASUREMENTS 
ontributing 


Permanent magnets are < 

much toward accuracy and ruggedness 
in actuators, clutches and brakes in 
clocks, timers, timing motors and traffic 
signals. 


TEMPERATURE 
MEASUREMENTS 











Magnets are used extensively i 
eters, which are thermocoup 
nected to galvanometers calibrated in 
degrees. The optical thermometer em- 
ploys a magnetic ammeter and in other 
thermometers magnets indicate the 
maximum or minimum temperature in 
a period. In many thermostats, magnets 
accelerate the contacts to increase 
accuracy é 


and life 


SPEED MEASUREMENTS 


Two of our best known modern instru- 


nents are the speedometer, based or 


THE INDIANA STEEL PRODUCTS COMPANY 


VALPARAISO, INDIANA 


WORLD'S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 


Circle 258 on page 17 





eddy currents generated by 
magnet, and the tachometer, which js 
simply a permanent magnet generator. 
Magnetic couplings are used to connect 


a rotating 


tachometers to such machines as high- 
pressure turbines 
equipment. 


and other sealed 





NEW MEASUREMENT 
INSTRUMENTS 


There are hr par geeegioe for the 
asuring 
fol- 


d ev elopm ent of new me 


truments basec 
t 
t 








1 Magnetostrictior 





as the change in length and 
netized; 
ized rod; 





“magnetic 
e in magnetic in- 
j tress ina 








apparent resist- 
‘tors introduced 
leld 


4 Changes in thermal conduc- 
vity of metals when exposed to a 
tic field; changes in perme- 
nagnetic materials; 
boiling points and spe- 
heats of some substances in a 
nagnetic field 





plane of polarization of 
1 be rotated by a magnetic 
ouble refrac ction ¢ 


been observed in seve 





The foregoing discussion is condensed 
from an article which appears in “Ap- 


lied Magnetics,” Vol. 2, No. 4. Write 

r your free copy. If you would like 
» explore any of the possibilities dis- 
cussed in the article, Indiana’s engi- 
neering staff will be glad to offer rec- 
ommendations and consultation. 


NEW CATALOG 
AVAILABLE 


Send for your free copy of the new 
Cast and Sintered Alnico Magnet 
Catalog No. 19,” which describes and 
lists typical sizes and shapes of these 
two most popular types of magnetic 
materials for experimental use. Also 
shown are permanent and electro-mag- 
netizers and demagnetizers. Address 
Dept 35. 
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IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener 





, Ontario 














ACME Components Used 


IN MILLIONS OF UNITS 
Everywhere 


& 
Two Improved Magnet Wires 


Acme DAGLAS (Dacron-Glass) Insulated Mag- 
net Wire is a smoother, tougher, more flexible mag- 
net wire, therefore, a more suitable one for use at 
Class B or higher temperatures, where a positive 
inorganic spacing is desired between turns. Hand- 
ling and winding Acme DAGLAS is easier and 
more trouble-free than is 100% insulated wire... 
therefore faster. In AWG sizes 14 through 30. 


POLYVAR—the Acme trade name for polyure- 
thane enamel—introduces a magnet wire that sol- 
ders directly without insulation removal! This im- 
provement greatly reduces processing time as well 
as lead breakage. POLYVAR has properties fully 
equal to those of Formvar for wire insulation, plus 
easy solderability, greater thermal stability, and 
lower moisture absorption. In AWG sizes 15 
through 38. May we send you complete details on 
Acme DAGLAS and POLYVAR? If convenient, 


please describe your need. 


ACME WIRE CO. 


NEW HAVEN, CONN. 


MAGNET WIRE « COILS 


a : INSULATING VARNISHES 
its 


VARNISHED INSULATIONS AND COMPOUNDS 


ality 
77/1 


VE BETTER 


¢ 4 
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ferpice 
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terials for high-temperatures, corrosion 
resistance, non-magnetic properties, and 
other specialized operating conditions 
Includes illustrated case histories of 
ball and roller bearings manufactured 
to customer specifications. Industrial 


Tectonics, Ine >652 


END SEALS, CRYSTAL HOLDERS AND 
MOUNTS Sixteen-page cat ilog No. 
657D describes line of end seals, crystal 
holders and mounts. and transistors and 
diode closures. Contains physical dimen- 
sions and line drawings of over 1000 
different styles and sizes of Military and 
RETMA-tvpe hermetic seals and their 


ippropriate part numbers Hermetic 


Seal Corp >653 


SPECIAL PROPERTY PLASTICS — I Ilus- 


trated 6-page brochure describes pl 
cal and chemical properties of 6 special 
clear plastic materials and a coating 
material for emergency repairs. Adv 
tages includ perior re ‘ 

j | i izing. t | i t 
ind shattering. as well I \ 
lhe Homalite Corp. ->654 


VIBRATION MOUNTINGS FOR MA- 
CHINERY—TIllustrated 4-page bulletir 


pag 
E6B vives applic ition data 
’ ] 


rr machine tool mountings t 
plifv installations. It 
termine if steel springs 
k should I 
<176 
| Serie 
iphs f tual } ] 
lhe Korfund Co., | >655 
WIRE-WOUND RESISTORS Bu 
CB-3 describes line of axial. radial and 
| o-tv pe e-Wwo j rs “ 
f, } v= 
( Ne 
desc1 
ize g } shorts 
d t k. Kel | 
> 656 
WIRE AND CABLE —} u/c dese! 
Defle ted wire and « 
( pr f f ) 
g 1. Fol a 
I testing tal ito é ! ion de 
t nt a { mag partn 
(Ame in Suy 1 e Wires 
Inc. > 657 


TECHNICAL ACTIVITIES PUBLICATION 
Just issued is Volume I. No. 1 


i new periodical covering the technic il 


ELECTRICAL MANUFA( 


sonnel and nilant exnancian aocPiwitiwec 














... for every 


Copper 


ne sons application 


i a a a ae aes 


The abundance 


and low cost 



















of Hussey Copper 

MAKE FULL USE 
OF THESE 

CHARACTERISTICS 


now makes it possible 


Vi, to use Hussey copper 
; and brass everywhere 


@ Electric Conductivity / the characteristics 


@ Flexibility Py of these metals 
@ Thermal Conductivity ‘2 fit best. 
® Weatherability 


® Corrosion Resistance 
® Non-Contamination 
®@ Ease of Fabrication 
® Efficient Plating 
® Lifetime Durability 
® High Finish 

® Lasting Beauty 





Cc. G. HUSSEY & COMPANY 


(Division of Copper Range Co.) 


Rolling Mills and General Offices 
PITTSBURGH 19, PA. 
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Three diameter enlargement 


Introducing General Electric’s NE-2E Glow Lamp 


NEW “SNUB-NOSE” DESIGN 
PERMITS LONG ELECTRODES 
IN SMALLER BULBS 
FOR BETTER PERFORMANCE 


The new General Electric NE-2E is as small in leng 
NE-2B—yet has electrodes tully as long a in tl 
larger NE-2. The exclusive molded 
space is restricted—pertorms better 
indicator viewing—especially end-or 

Only glow lamps ofter small size, low 
wide voltage tolerances, rugged constru 
don’t tail suddenly—so there's almost no 
indications. 

Any G-] Glow Lam} can be used in Many ways A Sing 
lamp may serve as a relaxation oscillat 
tor, a switch, a voltage regulator, or a voltage 


Send tor the folder, "°G-E Glow Lamps As Ci 


indicator 
rcult Control 
Components’. Write: General Electric Co., Miniature Lamp 
Dept. EM-58, Nela Park, Cleveland 12, Ohio 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


sonnel and plant expansion activities 


Beckman & Whitley. Inc >658 


SUBMINIATURE PART STAMPING 

Brochure illustrates many tiny parts 
and components formed to meet rigid 
tolerances for special instrument and 
electronic purposes. Describes methods 
used and special equipment and facili 
ties for manutacturing, Inspecting and 
testing accuracy of these components 


Be Cu Manufacturing Co >659 


LABORATORY OVENS AND FURNACES 
Four-page bulletin No. 5720 intro 


duces seven new products Fully ill 


trated and described t ect 
recirculating itility vens BOO | 
nechanical convectior ovens batct 
ovens: gl il ! es BOO | 
fle ft naces retrig wate 

d_ refrigerated | 


> 660 


WIRE AND CABLE ’ 
chure TWC 57 presents 


> 66) 


PHOTOELECTRIC CONTROLS | w: 


ou mage illustrates 


ilo 

pap italog 
lescripth - pp itieor ‘ i im- 
it | | ip} ‘ i rr 
data Describes normal higt 
iltra-sensitive ind Impulse 
photoelectric controls, plug-in mounte 


controls photoe lectric tin 
photoelectri ind timiur control~< oper 


ated by same phototube ind a sere 


BRONZE CENTRIFUGAL CASTINGS 
Illustrated booklet discusses advantag 
of centrifugal casting of bronze and 
copper parts for wide range of app] 
cations. Booklet includes description of 
technique. chart showing all alloys 
available with their specific character- 
istics, illustrations of typical castings, 


facilities and engineering = services 


American Brake Shoe Co > 663 


PRECISION CAPACITORS Seventeer 

page catalog CRC-100 gives specifica 
tions and engineering data on precisior 
film capacitors in Mylar. polystyrene 
Teflon and metallized Mylar. Includes 
tubular, Mylar wrap, bathtub, adjust 
able, decade and special configurations. 
Condenser Research Corp. —>664 


DIGITAL STRAIN GAGE MEASURE- 
MENTS—Four-page technical brochure 
“The Resistance Bridge Indicator and 
Its Applications” suggests many appli- 
cations of this instrument, which can 
be calibrated to indicate directly in 
micro-inches of strain, psi, pounds, ft- 
pounds, ete., depending upon strain- 


FLECTRICAL MANUFACTURING 



























the entirely NEW 


Ni | i \ | | FRNA torrminat line 


for large wire sizes 


FEATURES: 

@ High Performance Nylon Insulation to provide 
continued satisfactory service life at elevated tem- 
peratures, plus resistance to ester-based oils. 

@ Helical tongue design to secure maximum struc- 
tural utility at minimum weight penalty. 


@ Cast insulation has formed entry ramp to pro- 
vide easy wire insertion and snug fit over standard 


e@ Connector designs are available in single to 
ngl multiple and multiple to multiple 


The A-MP Ampli-NYL Terminal is installed with the 
proven Confined ‘C’’ Crimp for maximum electrical 
and mechanical performance. Confining the spread 
of the terminal during the crimping process achieves 
more intimate contact and a homogeneous union 


of conductor and termina 


ENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through wholly- 
owned subsidiaries in: Canada + England + France + Holland + Japan 
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2&— Photocircurts 
= printed circuit cards 


a 
% 


Vital Component in Sage Air Defense Computers 


The Sage System, vital to our nation’s security, relies on IBM-built 
computers to display accurate pictures of hostile and friendly 
aerial action. 

IBM uses printed circuit cards with plated-thru holes by PHOTO- 
CIRCUITS to help do the job. IBM experience indicates that 
through-circuitry—using both sides of a printed card—saves space 
and costly assembly time 

Printed circuit cards by PHOTOCIRCUITS have plated-thru holes 
that help eliminate troublesome intermittents caused by vibration 
and temperature changes...increase solderability, too. 
PHOTOCIRCUITS produces reliable printed circuit cards... builds 
them with strength to spare for all applications. 

“Bonus” copper, on the right-size hole wall, is just one of the rea- 
sons you can depend on PHOTOCIRCUITS printed circuit cards. 
Proper design, precision production, and advanced quality control 
techniques are others. All add up to outstanding reliability... 
often at lower cost. 

Check the advantages of printed circuit cards with plated-thru 
holes by PHOTOCIRCUITS...the largest and most experienced 
manufacturer in Printed Circuitry. For full information, write 
our Engineering Department PS-1 today 


PHONES aim 
GLEN COVE 4-8000 G5 


FLUSHING 7-8100 


[aee* CORPORATION 
PHOCIRCO 
@tren COVE. NEw YORK 
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gage-type transducer being used. Sche 
matic diagram illustrates how millivolt 
signals may be measured. Datran Ele: 


troni >. > 665 
DYNAMOTOR POWER SUPPLIES. Cata 


log 158 describes complete line of Dy 
namotors. Lists fan-cooled Genemotor 


as well as several new models 


compris 
ing the Genemotor line. In addition. 11 
new listings appear in the 1's and 2 
in frame Genemotors. increasing appl 
cation range. Carter Motor ¢ > 666 
ANECHOIC CHAMBERS Fecosorl Ay 
choic Chambers are the | 
O-paye I t Nrhict 
tie 
I | ides pl 
tallatio y 

h eau 1 fo = 
j lopr it g. | A ( 

g. Inc > 667 


PROGRAMMABLE POWER PACKS 


Kight-page bulletin 765 shows 
power supplies 
i nati simpiit I ih y 
1 ribe c high-speed 
t noti ritage I - i 
g g imentatior nd I | 
| iti Dir mal data. perf 
} acteristics. al 
ing int if | | 
Mea ( | > 668 
PLASTIC SHEETS, RODS, TUBES Six: 
four page catalog of plastic sheet 
| fil ind lavy-fl g 
ilabl ze ig y 
x - I ising I 
gr i Ti It ! Z 
paris le I ele 
ind mechanical properties. ¢ 
Plastic & Chemical Co >669 


3-PHASE MOTOR PROTECTORS | 


een question ibeut Klixen built 
pha rotect I “dd 
i 3ohe na . , 
nd “again shat pe ture « 
tions in a 3-pha not Klixor 
built-in protector effective?” are an 
swered in 4-page illustrated bulletiy 
PR-1243. Metals & Controls Corp.. 
Spencer Thermostat Diy >670 


MOLYKOTE BONDED COATINGS 

[wenty-four page bulletin 115 covers 
in detail preparation of metal surfaces 
for proper application of Molykote 
resin-bonded lubricant coatings. Appli- 
cation of lubricant coating by either 
spraying or dipping and required bak- 
ing times are fully described. The 


Alpha-Molykote Corp. >671 


THERMOSETTING PLASTIC KNOBS 
Illustrated catalog contains diagrams 
dimensions and specifications of repre- 


ELECTRICAL MANUFACTURING 














Installing the self-cooled isolated phase bu 
Generator Unit +3 at the Astoria Station 


wrapped with black insulating tape prior to 


Big Tubular Copper Bus Carries 6500 amps at 20 kv 





13'2” O.D. x .406” tubular bus being fabricated ot R & | E Equip ANACONDA 


ment Div. of I-T-E Circuit Breaker Co., Greensburg, Pa. Everdur nuts 


are silver-alloy brazed inside the tube and the bolts withdrawn COPPER CONDUCTORS 


Then in assembly at the site, the nuts are in place for fast, easy 
installation. A total of 1,128 feet of tubular bus was required Made by The American Brass Company 


THERE'S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 


WIRE & ROD ROUND TUBES rT ae VENTILATED 
TTL Se ahaa aU Lae) 
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CONVERTS LINEAR SOLENOID THRUST 
INTO ROTARY TORQUE 


A ROTARY SOLENOID 





MODEL R133 NOMOGRAPH 
FOR DETERMINING MINIMUM AVERAGE TORQUE 


> 
4.0 10% DUTY 











DEGREES ROTARY STROKE 


NOTE: The output torque curve may be varied providing the 
area under the desired torque curve, when superposed on above 
nomograph, does not exceed the area under its minimum average 
torque rectangle. This torque rectangle is formed by perpendicular 
lines to torgue and stroke axes from junction of degrees stroke line 
and duty cycle curve. EXAMPLE: 30> rotary stroke at 50% duty 


cycle produces a minimum average torque of 1.9 Ib.-in 


FEATURES 


@ NO AXIAL MOVEMENT OF OUTPUT SHAFT 
@ THRUST BALL BEARING PROVIDES NEGLIGIBLE SIDE LOAD EFFECTS 


@ EXTREME LONG LIFE ASSURED WITH HARDENED TOOL STEEL 
MOTION CONVERTER 


@ AVAILABLE WITH HIGH STARTING, HIGH ENDING OR RELATIVELY 
UNIFORM TORQUE 


@ 15° to 60° ROTARY STROKES AVAILABLE 
@ PRECISION MACHINED THROUGHOUT 


@ DESIGNED TO MEET STRINGENT MILITARY AND AIRCRAFT REQUIRE- 
MENTS 


oa 
Y 


Further details from: 


ROLENOID, INC. 
P. O. Box 1124 
Culver City, California 
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sentative selection of many standard 
plastic knobs. which range from 14 to 
3 in. diam and include pointers as 
well as knurled and plain knobs. Water 
bury Companies, Inc >672 


BALLASTS FOR FLUORESCENT LAMPS 

lwenty-page bulletin GEC-983L gives 
prices and data on 184 various ballasts 
for fluorescent lamps. Included are 
“Quick Guide to CBM Ballasts.” de 
scriptive tables. cross-section dimension 
diagrams and chart for suggested re 
pl wement otf obsolete ballasts Contains 
installation. operating instructions. wit 


ng diagrams. General Electric Co. >673 


Manufacturers’ 
Publications 


MILITARY STANDARDS FOR PRINTED 
CIRCUITS “Military Standards For 


Printed Circuits” was compiled 
standards guide for quality consistent 
with the high reliability of printed « 
lit board construction needed tor 1 
| ppli al I V 
they are I 
Man he specification 
id 1 technique leveloped and 
pl 1 he manufactur I 
producti The appendix cont 
ible printed « iit v 
tru ntormati 


Available to those eng: ) mi 
tary production. the cost of the book is 
75 «cents. Write to Chief Engineer 
Cleveland Metal Specialties Ci 
BE. 2ist St.. Cleveland 14. Ohi 


SILICON RECTIFIER HANDBOOK 
Sixty-five page silicon handbook is re 
plete with valuable information which 
explains the technicalities of these de 
vices. how thev are made. where they 
are used. and how to use them in many 
ipplications 

Included are sections devoted to 
Semiconductor Concepts; Manufactur- 
ing Techniques: Factors of Operation 
Engineering Design Notes: Extra Ac 
cessories (methods of mounting): and 
Engineering Rectifier Data (covering 46 
silicon types in the company’s line 
giving complete mechanical, electrical 
and design data with curves). 

The handbook is available at a cost 
of $1.00 by writing to Audio Devices, 
Inc.. Rectifier Div., 620 E. Dyer Rd., 
Santa Ana. Calif 
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10,000 manhou's \ and your high-paid help talks TV 


ea 


Stopped because automatic control circuits and operating 
elements were not designed on the modular basis, with Cannon 
quick-disconnect electrical connectors at vital points 


But it could have been rolling in seconds or minutes! If only the 
circuitry had been arranged on the modular basis so that essentia 
elements of the automatic control and operating system could be 
disconnected quickly and complete, operable spare components 
inserted at a moment's notice. The units in trouble could have been 
repaired properly, too, at leisure by trained personnel, at the 
right place, with the right facilities. Production could have gone on 

thousands of man-hours and thousands of dollars saved 
merely by the use of quick-disconnect components 

Are the controls in your electrical or electronic product designed 
on the modular basis? How about your production line? Will minor 


eakdown? Or do you need Cannon Connectors? 
over 27.000 different electrical connectors. If one 
ot meet your requirements, we'll design and make 

ctrical connector you need. Write today! Cannon Electric Co 

3208 Humboldt St., Los Angeles 31, Calif. Please refer to Dept. 5 


f 
the ele 


Send for explanatory material on how modular designs can save dollars 


ALIN PLUSS 


CANNON / 
\ frectarc / 





Where Reliability for Your Product is Our Constant Goa/ 


SLIP RINGS 





Another commutator problem 


solved with NZ ALLoy 


Zr-Cu* 
Bendix Red Bank Aircraft Generator 







Commutator operating 


temperatures, up to 


DOO°F 


Generator speed range 
4000 to 8000 rpm 


For operating conditions that go far beyond 
the ordinary, Nippert-built commutators of N-4 


alloy are used in Bendix Red Bank High 


Temperature Class “C” Generator, Type 30E20-5. 


N-4 benefits are available for your product 
N-4 is copper containing zirconium the alloy with strength at 
high electrical and 
shock. 


Developed by Nippert Electric as a conductor for rotatir 


elevated operating temperatures, 


condus tivily 
abil 


ity to withstand extreme vibration or 


cal equipment and successfully proven in many rigorous high-t 


perature applications, \-4 offers notable advantages: 


Stability of the 


time ¢ xposures 


lloy at prolonged temperatures to 750°F and short- 


is high as 930° F, 
Conductivity from 90 to 96 percent I. A. C. S. 


Full strength maintained above the 
bearing copper becomes soft. 


temperatures where silver- 


N-4 is available in Nippert commutators and slip rings, in commuta- 


tor bar stock, and in shapes to your specifications. To find out how 
N-4 alloy can help solve your problem, write and give us your par- 
ticular applic ation. 


*Patent Pending 


lial 


Sane ee 


ELECTRIC PRODUCTS CO. 


1759 W. Mound St. * BRoadway 4-1116 
Columbus 23, Ohio 





COMMUTATOR 
COPPER AND OTHER 
DRAWN COPPER SHAPES 
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AUTOMATIC TOROIDAL CORE WIND- 
ING MACHINES -~Twenty-page 
No. 7 describes and illustrates line of 
toroidal 
manufactured by 


Catalog 


winding 

Froitzheim & 
Rudert and represented and distributed 
Rheostat Co.. Baldwin. N.Y 
simple and 


automat core 


‘ hines 


by Rex 
Features: rapid set-up 

and operation; precision winding whe 

wires meet closely on the inside of 


core, where they are evenly 


spaced 
where winding must follow 
linear pitch characteristic; adjustment 


and control of winding pit h easily ad 
ustable without stopping the machi 
\lthough all machines are not s|} 





all are fully motorized and read 
operation 

Machines shown i: italog 
hibited in the con par v's showro 
Baldwin. Copy of the catalog 
obtained by writing | 
head to Rex Rheostat Co I 


Rd.. Baldwin. L. 1. N. 





Book Reviews 





Digital Computer Components 
and Circuits. By R. kK. Richards 
1) Van Nostrand Co.. Inc . 120 Alex 

Princeton, N. J. 523 1 : 


inder St 


illustrated. price $10.75 


provides a source of i 
engineering approaches related to dig 
tal techniques carefully organized 
per tical use \ reasonable ta I 

itt electrical ind electron 
entals is sufficient | Ky 

lerstand the text iitheugh the 
principles of logical functions 
nechanized arithmetic. such as Boole 
otation and brief discussions of «« 


rs and adders, are included 
The author concen 
meepts rather than design details 
Many of the 
wide range of compo! 


t 
its ¢ | 


ot ar experimenta nat 


hasis for selection being generall 
proven of potential ady 


Logical 


ge. bas 


intages 
functions and digit 
operations to be pertorme | 
by a digital computer. are discussed 
length. Various advantages 
several 


antages of the approaches to 


design are 


explained thoroughly 


Gray lron Castings Handbook. 
Edited by Charles F. Walton, Gray 
Iron Founders’ Society, Inc., Cleve 


land. Ohio. 620 pages. price $10.00. 


volume. written in a prac- 


tical vein, contains a wealth of usable 


This single 


technical data for everyone in the 


ELECTRICA 


MANUFACTURING 


metalworking industry, whether he 
< oe — * | al j . at 


be 














“PONY POWER” | 
MOTORS 


that give stamina to your products 





A rugged high-forque, 
high-speed motor 


Motor with efficient 
spur geor speed reducer. 





Lamb Electric fractional horsepower motors, like the small 
horses of the famed western-pioneer-day Pony Express, are 
developed for stamina. 

Their dependability, and efficiency (optimum weight-size- 
horsepower ratio) are qualities that result from proper design 
and careful manufacture by personnel with many years of ex- 
perience in the small motor field. 


May we demonstrate how Lamb Electric Motors can bring these 










advantages—and also perhaps lower costs—to your products? 


THE LAMB ELECTRIC COMPANY «+ KENT, OHIO 


A Division of American Machine and Metals, Inc 


Motor for 
high-speed grinder. 






In Canada: Lomb Electric — Division of Sangamo Company Ltd. —Leaside, Ontario 


FRACTIONAL HORSEPOWER MOTORS 
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| metalworking industry, whether he be 


concerned with the design. application. 
or purchase of gray iron. castings 
Much data is included on how to design 
component parts more economically by 
utilizing the new irons (ductile, white 
















and high-allov). as well as the many 


specifications of regular gray irons in 


TURE BANDING WIRE | ,.""":":° 
TINNED ARMA R The author has 
s good job of compiling data on the 
—Stainless or Carbon Steel significant engine oo properties of 
STAINLESS * The many superior qualities of gray. Seer —. “ie meine) 
PAGE Stainless Tinned Armature Banding Wire ae eee een aetna 
have made it the choice of leading motor manu- 
facturers. PAGE superior tinning facilitates solder- iiaiia ciheilies vom ieciealad ill 
ing. It has high tensile strength (200,000 psi and MB ig ORE: 5 IO EL 
up) for compactness...low permeability and high re s Se ee Sree 
resistance for greatest efficiency. It is non-corro- 


sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. methods of applying coatings by spray 


CARBON STEEL + Inexpensive tinned banding wire for ing. brushing, welding, cementation 


done a parts ularly 


proved in recent years by closer tech 


nical control and new techniques. The 


methods of selecting the correct. type 
of cast iron for his component parts 
The handbook also discusses the new 


lower-priced motors. Available in three grades: A, B, and C1. dipping, chemical conversion, chemical 
The high strength of Cl is an advantage where light weight reduction, and electroplating 
must be achieved. 


All above wires shipped on 50-to150-pound reels ee ree ( "00 ce 


Book Co.. Inc.. 330 W. 42nd St.. New 


co York » N \ 693 pages price 


Wire or Write our Monessen, Pa., office for full information 


Page Steel and Wire Division 


$10.50 
AMERICAN CHAIN & CABLE ON a 
Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, tion has been strengthened with new 
Los Angeles, New York, Philadelphia, Portland, Ore., naterial to make a more complet 
Sen Froncioce, Gridgapert, Conn. p presentation. These materials include 
Circle 267 on page 17 analvsis of R¢ feedback amplifie 
FM discriminators: electronic cor 
puting circuits and devices; and the 


ory of clamping. Treatment of the prir 
iples of feedback has been greatly ex 


panded. There is new material on solid 


pee. TOS tron the transistor. and the 
SHARP SIDE SMALL Speed and Improve state electronics. the tran 


SQUARE WALLS OUTSIDE ee en 
INSIDE CORNER CcCoOIL WINDING y pes New problems nave beet sided 
CORNERS RADIUS _~ ghout 
he author firs trod : | 
mental properties of electron des 
ind their basic circuit applic ations a 
aL tl WOUND . follows with 4 GIsCcuUSssIOr at 4 Variety 
Not Die Formed 3 of untuned an pliflers wit ind witho 


; j ; feedback. Next considered are ampli 
‘ iers having resonant circuits. followed 


by a study of tuned poter tial and power 


amplifiers The final sections contain 
treatments = ol amplitude med tlatior 
ANY SIZE—SQUARE OR RECTANGULAR ind demodulation. and frequency mod 


PARAFORMED paper tubes simplify coil winding ilation and detection 
operations and speed production, yet cost no more. WI , ib] t anal ny 
ere possible fit n Ysis pere 
In the exclusive PARAFORM method of tube ' \ fort 
eed« two stages etto = first 
No sharp outside edges making, no artificial heat or pressure is used— ee iee’ ae tag - 
to cut wire P no ke lace ; . ‘ made to present a physi il explanation 
. 44 — araforming takes place at the time of spiral 
0 need for wedges to i Hi-Dielec ; : ; f f th atta If feasible 
tighten wire winding i-Dielectric. Hi-Strength. Kraft, Fish of operation of the circuits. If teasil 
Permits winding coils Paper, Acetate, Red Rope or any combination i mathematical analysis is then giver 
to closer tolerances wound on automatic machines. Produced from 
Has full rigidity and } -} Pr or ] 2p n > } 
physical strength = k “ pide or se — é eee - "day Agricola on Metals. By Bern Dil 
an aiso be supplied In regular or wi lig Ww ) 
Allows faster stacking PI si ocean th slight bow. ner. Burndy Library. Norwalk. ¢ 
of wound coils : 
: - Bes 28 pages. with illustrations. price 
ar Ee \~ $2.50 
r m . Write on company 
PAPER TUBE CORP. letterhead for This comprehensive volume is a dis- 


612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA | STOCK ARBOR List tillation of “De Re Metallica.” by 


OF OVER 2000 SIZES . are 
Manufacturers of Paper Tubing for the Electrical Industry Since 1931 Georgius Agricola, which first appeared 


in English in 1912 after five years of 
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PROVED...by millions of contacts 


NATIONAL ACME 


SNAP-LOCK 


SWITCH 
Poa hr eee 


AL ya 4 


TRADE MARK 





Layer 
EERO tine diet fase 2 


As illustrated below. National Acme SNAP-LOCK Limit Switches le ed 


employ a basically simple vet positive snap-action locking mech Ua ve ACMECO 





inism— with extremely few moving parts. Thus wear is reduced pete ne tel 
. to a minimum and dependable trouble-free service, far beyond _ i a oping sae 
normal limits, is assured. 7 rae cok-t 4) Pe eg hee 
The double-throw contact lever. connected directly by shaft AS ata Mehr eT errs 
. with the latch bar, carries self-wiping coin silver contact points 


to assure quick action make or break reducing wear ever further. 


Electrical and mechanical sides are separated by a wall within 
a sturdy die-cast housing which is fully insulated and is dust 
and oil resistant. Can also be furnished water- and oil-tight. 





THE ORIGINAL 
SNAP-ACTION 
LOCKING SWITCH 














4 SNAP-LOCK LIMIT SWITCHES. Made in single-pole and 
double-pole series, in four types: Standard, Short Travel, 
Neutral Position and Push Lever. With the exception of the 
MECHANICAL Push Lever Switch, all are adaptable to special enclosures 


SIDE for hazardous location service and may be used with va- 






ELECTRICAL 
SIDE 


rious styles of operating levers. For AC or DC service. 





and now... 
a new design concept for CONTROL STATION SWITCHES 


the heavy-duty ... oil, water, dust tight GOLD-N-RING 


made by machine tool bu Iders to machine tool specifications 
Heavy duty silver-alioy contact points provide max- N-RING push button and selector operator heads. 

° imum electrical capacity, long life. Rated for 600 volts—AC or DC. Meets all Joint In- 
Heavy duty terminal screws have *” thread contact dustry Committee and National Machine Tool Builder's 
to prevent stripping during installation and permoa- Association requirements. 
nently secure wires for continuous, trouble-free ser- Protected against oil and water seepage in operator 
vice. head by Sealtight oil-resistant rubber diaphragm. 


Single or double-pole contact block assemblies—can Easily replaces existing switches. 
be used interchangeably with several types of GOLD- 


Ec 22 e. a9 MANUFACTURING Division 


ne National Acme company 


176 EAST 131st STREET, CLEVELAND 8, OHIO 
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research and translation by Herbert 
and Lou Henry Hoover. 


Asricola’s iim ~—wWas to write 
book on mining and metallur 


tal 
gineering for his contemporaries 
1500's. What he left posterity 
richly illustrated record 


developed industrial cu 


Spree ished over 200 vears 


i 


| | ginning of 
revolutior 
j Vividls described in words and over 
Less than ain inch long 


70 selected illustrat 


ions trom an origi 


Library 


NEW BRESIDNSS RELAY 


Weighs less than 


Introduction to Heat Transfer. 
Third Edition. By Aubrev I. Brow 
ind Salvatore M Mar oO. MeGraw 
Hill Book Co... 330 W. 42nd St.. New 


Z | eee 


Big relay performance in crystal can size: 


Nominal Coil Voltage: 26.5 Volts D.C. 
Maximum Pull-In Voltage: 18 Volts D.C 
Maximum Drop-Out Voltage: 14 Voits D.C 

Coil Resistance: Approximately 600 Ohms 
Contact Arrangement: 2 P. D. T. 

Contact Rating: 2 Amps. @ 28 V. D.C. Resistive 
Maximum Operate Time (N.O. Contacts 
Maximum Release Time (N.C. Contacts 


max 

4 Milliseconds 

3 Milliseconds 

Maximum Contact Bounce: 1 Millisecond 

Dielectric Strength: 1000 V. RMS, 60 Cycles (Sea Level 

Minimum Insulation Resistance: 100 Megohms 

Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). 

Temperature Range: — 65° to125° C 

Operating Shock: 50 ‘*G”’ for 11 Milliseconds. s . 
Vibration: 20 ““G"—5 to 2000 CPS. Engineering 
Life: 100,000 Operations (Minimum 


Maximum Weight: .45 Oz. 


Meets MIL-R-25018 and MIL-R-5757C specifications. Standards 


RELAYS 
a SOLENOIDS EIA Standard 


a= MNase ican ipecciagllacnnieisiactacacisian anno Phe following recommended ELA Stand 
QUIN OT recteic COMPANY COILS ard is available: 


3349 ADDISON ST SWITCHES RS-209—EIA-NEMA Standards for 
CHICAGO 18, ILL HERMETIC SEALING Electron Tubes (this Standard is a re 
vision and combination of Standards 
ET-103-D. Bases. Caps and Ter- 
minals: ET-105-C, Dimensional Char- 
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IS Yeons of Phegness at 


ie 


~ 
/ 


specialists in glass to metal 
seals for over 18 years. Research 
development and manufacture devoted le) [s) | 
exclusively to the production of Lj) £/ OS \ 


sealed terminations. \ pioneered the production ot 


compression type glass-Ao-medal 


\ seals. E-\ developed and mate 3 
practical reality of Ye {rsh NS 
COMPrTession seal, now The standard + 


. expanded research paces industry's \ al the industry. 

varied needs. Universal acceptance 

of super-durable E-] hermetic seals 

made necessary expansion of research, 
engineering and production facilities. 


—and offering designers in l 2 SS 


industry's most complete standard line! 


GLASS-TO-METAL 


SEALS 


E-I grees to-metal seals are available in cations. Save time and eliminate custom 
hundreds of economical types of standard- sealing costs by using sil dabiencipaiie en, 
ized designs. The complete line ranges standardized seals that meet practically 
from single lead terminals to miniature every hermetic sealing requirement. Com- 
closures and color coded terminals. Specify plete engineering data on the E-I Standard 
E-I super-rugged compression type seals Line is contained in one helpful handbook. 
for critical military and commercial appli- Write for your copy now. 


Select your seals from the complete E-! Standard Line... 


i 
beet 13) 


ELECTRICAL INDUSTRIES 


A Division of Philips Electronics, Inc. e¢ MURRAY HILL, N. J. _ 
MANUFACTURED UNDER CANADIAN PATENT 523.390, UNITED KINGDOM PATENT 734.583 AND LICENSED UNDER U.S. PATENT 2561520 
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BRAKESTHTG 
CLUTCHES 


(choice of the leading motor manufacturers) 


electro-magnetic 


(Second of a Series) 


DETERMINATION OF THERMAL EQUIPMENTS 
FOR Matched-to-the-Machine PERFORMANCE 


Thermal capacity ...the measure of a unit’s ability to dissipate 
heat...can be just as important as torque requirements when 
choosing clutches or brakes that will deliver top performance. 
Stearns engineers, with knowledge gained from forty years’ expe- 
rience in the field of applied magnetics, plus roughly half a million 
successful brake and clutch installations, are experts in Matched- 
to-the-Machine applications. 

HEAT DISSIPATION — Thermal capacity rate of heat dissipa- 
tion is critically important when brake or clutch must rapidly and 
frequently start or stop high-inertia loads operating at high speeds. 
Requirements can be determined from the following equation: 


ot WK? x RPM? x N EXAMPLE 
When linear motion is also present, its kinetic energy must be accounted 


for by means of the following equation 


i EXAMPLE 


‘ 


HEAT ABSORPTION — This factor is important when starting or 
stopping extremely high-inertia loads at relatively infrequent inter- 
vals. For these applications, total kinetic energy (K.E.) of the 
system can be determined from this equation 


S WK? x RPM EXAMPLE 


KE 


In the example above, the value falls within the ra 





g of an H-74 St but 
sufficient time must be allowed between stops to prevent abnormc ise 
Again, if linear motion is present, its kinetic energy must also be con 
Suitable corrections must be made if speed conversion de c use ween clutches 
brakes, and the moving mass. For optimum performance such factors as ambient tem 
perature, type of load, and altitude should also be taken into account 
For practical solutions to your starting-stopping problen . for 
Meatched-to-the-Machine performance call on Stearr with con 
fidence. For clutches and brake whatever t e re ements 

thermal considerations — design limitations — or size fe dur ap 
plication... Stearns has a standard unit, or will design and build units 
specifically for your requirement. Stearns brakes and clutches offer 
precise control...smooth starts and stops...visual indication of need 
for adjustment...fast maintenance plus important cost savings in 
installation and operation unobtainable elsewher« 

: . . 

For Superior Service — Performance . . . Specify Stearns! 


Call the Stearns representative in your vicinity for complete data on 
electro-magnetic clutches, brakes, and clutch-brake combinations. Or 
write, outlining your specific requirements directly to... 


2 ee OTE 78 
“7@ < ELECTRIC CORPORATION 


120 NORTH BROADWAY 
Maas MILWAUKEE 2, WISCONSIN 
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icteristics; and ET-106-C, Gauges) 
Price $3.50. 
Copies may be obtained from EIA En 
gineering Dept.. 11 W. 42nd St.. New 
York 36, N.Y 


Microwave Standards Package 


“Standardizing Microwave Communica- 
tion Systems,’ a reprint of an article 
written by Trevor Clark, former chair 
man of EIA Committee TR-14 on Micro 


wave Relay Svstems tor Commu! 
itions. reporting on the progress 
achieved by the committee toward 
standardizing the various units ot 
microwave svstems. and the following 
7 EIA standards are lable in t 
ckag 
rR-14 \I e R Syste 
( ini St 
Telephone ¢ 
PR-142—Standard Mier 
Ho g ka 
RS-158—Mechanical Considera 
r Transmission Lines in M 
Re Applicatic 
RS | rgen st { Powe 
( i A rM 
Rs-194 \ | 
Rs-]! Me ( 
Mies Antenne p 
Reflec 
RS MI 
Syste 
Package ed tr he EIA 
I ineering Dey 1] W. 42 St.. N 
York 6. N. ¥ ‘ $4 


Iron Castings Compilation of 
ASTM Standards 


This » een brought 
il } at ind i sing 
t whict ir er vuld 
guide ve g the iterials th 
( ‘ re > indar 
pig y ) casting i 
pipe, nodular is stings, malle 
rol <ting welding rods ind ¢ 
t ig t | ethods of te 
Copies may be obtained fi 
(me in Societ Testing M 
1916 Race St I la 5, Pa ee 


American Drafting 
Standards Manual 


The two latest sections of the America! 
Drafting Standards Manual—Section 6 
on Screw Threads (ASA Y14.6-1957 
and Section 3 (ASA Y14.3-1957) on 
Projections—are 2 of 6 standards ap- 
proved recently by the ASA and pub 
lished by the ASME. This project is 
sponsored by the American Society for 
Engineering Education and the ASMI 

Both sections are ivailable from 
Dept. DD-8, American Standards Asso 
ciation, 70 F th St.. New York 17 
N. Y., at $1.50 eacl 





New Waldes Truarc Reinforced “E-ring” Provides 
5 Times More Gripping Power, 50% Higher 
RPM Limits Than Conventional E-Type Rings 











The new Waldes Truarc Series 5144 is a radially-installed rein- 
forced ‘“'E-ring.” 


It is designed for use in assemblies where 
the ring is subject to strong push-out forces resulting from 
heavy vibration and shock loads, high rotational speeds or 
relative rotation between the retained parts. 


Series 5144 provides the following application advantages 
over conventicnal E-type fasteners: 

1. GREATER GRIPPING STRENGTH — approximately five times 
greater than conventional ‘‘E-rings'’ of the same metal and 
thickness. 


2. HIGHER RPM LIMITS—approximately 50% higher in most sizes 


3. POSITIVE LOCKING IN THE GROOVE —large corner radii or 
chamfers can be accommodated without separator washers. 


4. LOWER GROOVE COSTS — because recommended groove toler- 
ances have been increased, machining grooves for the series 
5144 is less expensive. 


SEND FOR FREE SAMPLES \~ 





WALDES 


— THUARC 


- < 


RETAINING RINGS 


5. WIDER APPLICATION—because series 5144 rings made of 
aluminum are stronger than conventional ‘‘E-rings’’ made of 


steel, the fastener may be used in applications where corro- 
sion resistance or weight are factors. 


Truarc Series 5144 Reinforced ‘‘E-rings’’ are available for 


shaft diameters from ,—7;, in. in carbon spring steel, stainless 


steel, beryllium copper, aluminum, and phosphor bronze. They 
are available stacked on rods for high speed installation with 
Truarc applicating and dispensing equipment. 


As in ail Truarc rings, you get statistically controlled quality 
from engineering and raw materials to the finished product. 
Complete selections are available from leading OEM distribu- 
tors in 90 stocking points throughout the U. S. and Canada. 
Design Engineering Service is available to you. Send us your 


blueprints. Let our Truarc engineers help you solve design, 
assembly and production problems.:. without obligation. 
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<? 
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Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N.Y. 
Please send me sample Reinforced 
(please specify shaft size)__EEeeeesssSSSSSssSSeee 

[] Please send me Engineering Data Sheet 


‘ 
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eS 


<3 
: “E-rings.”” 


Name 





eames 


Company. 





Business Address 








ed 


City Zone. State 
WALDES KOHINOOR, INC.,LONG ISLAND CITY 1,N.Y. = =~ou sills gnepaats aieiied a 
Consult the Yellow Pages of Your Telephone Directory for Name of Local Truarc Factory Rep- 
resentative and Authorized Distributor. Look under ‘‘Retaining Rings’’ or ‘“‘Rings, Retaining.” 
Circle 273 on page 17 271 








Editorial Reprints 





\s manuscripts are projected for pul page 17. Readers should rele 
lication in each issue of ELrecTrRical numbers indicating the reprints desi 
SOLDERING LUGS MANUFACTURING, the board of editors If multiple quantities of these re 
ad TERMINALS € determines whi h editor il articles are mrints are desired the rates to ¢ 
to he made available to readers in re ire indicate | be ow Rer ittar c= 
PRINTED CIRCUIT pl nt form accompany all orders | irge! 
HARDWARE Available reprints of articles in this ties. special quotation 
and previous Issues are brieted here Cost of 
Any regular ELecrricat MANUFACTUI Single Subject Rep 
G reade! qualifies for one copy of all \ of \ 
-ingle-article reprints. without charge Reprints }-] 2 f 
The numerals shown in reprint list | (,ratis (,ratis 
g correspond to the number shown or 5 $2.00 $5 
postcards incorporated in the Reader 10 on) 6.00 
Ine rv Service Cards beginnir or 95 1 


REPRINTS NOW AVAILABLE unalysis, for single-phase halt 


i 
: . be nd bridge arrangement 731 
Structural and Electrical Applications ; Pee weg te eee 
of Aluminum in Europe. May 1955 : 
19 now \ 7 | Se International Standards for Motor 
= pages survey evaluating and 


| Dimensions Set for Final Approval. 
illustrating European engineering 


. March 1958 5 pp Final } post i 
experience with aluminum in_re- LEA al ee 
; motor dimensional standar 
search, development and manufac- : : 5 
] } for interchange ibility betwee é 
turing of electrically energized 1 1 : 
7 2.9 a ric and inch systems are presented 
equipment The article includes 
{ 1 Problems and compromises ne 
specinc Case histories 1;dvantages 1 +} ; 
rv in achieving this are lescribeda 
ind disadvantages of British - ae ; ee 
70S) 


French and German experiences 


with aluminum and its alloys. Ma 


¢ 


} Ferroelectrics as Solid-State Devices. 
terial 18 based on 


March 1958, 12 pages. Summary of 


pDape!l | co nt a 
papers presented 


it a symposium sponsored by thi 





: tvpes, properties, mechanisms 
British Aluminium Development As . ; ee ; : 
= ae I ] ] M ipplications of nonlinear dielect 
sociation in London during 11 ' - 
Q=7 (726) iS: Capacitors transducers t 
ind nonresonant amplifie oe 
Tell us about your application and Basic Statistics for the Design En electroresonant switches S 
r9 ” é S ne a 
production requirements. We’ll devices 714 


gineer. May 1958, 20 pages. An in 


supply your needs from our com- troduction to the basic mathematics 
i i ! ‘7 i il A 


plete line—or adapt to your speci- Designing Minimum Weight Mag- 


] } 
required for logic il design ot ex 








fications—and show you how to cut periments and analvsis a dnt: netic Cores, Fe bruary 1955 S 
costs and speed up production! cualit, ical dun cab ouemaneal pages. A straight torw ird pi 
sail a aaalilinat 5 : alates MRiceaiialicns dure for minimizing the 
@ Miniature Tubular Terminals, in iii aceite eee veight of core case and I 
Wire Wrap Terminals and arava cohaiseig “ken ace = si hes Goer ‘ given volt-second ipa 1 I 
Contacts for Automated Printed oi eee (736 extended to include w om 
Circuit Applications . m essed of power sup] ry 
Crossbar Switch Applications, April oe ited components. Three sore 
@ Solderiess Crimp-on Terminals 1958, 12 pages. Circuit details of ples given 706 
the application of these compa ; : oie : 
@ Line Cord Interlock Terminals three-dimensional contact arravs Evaluation and Applications for Fiber- 
f -coordinate single-point selec Insulated Magnet Wire, Feb: 
e Automatic terminal inserting, tion; stepping-switch scanner con 1958, 12 pages. Characteristics 
crimping and staking machines trol: digital-to-analog conversion ipplication areas of various types of 
analog-to-digital conversion: mul- fiber-insulated, film-insulated and 
Contact us today. Send blue print tiple indexing and switching func- composite-type magnet wire. Com 
or specifications for specific infor- tions (730) mercial identifications given. Stand 
mation. Request bulletins for gen- ards are listed. Comparative ad 
eral information. Selenium Rectifier Selection and Cir- vantages and disadvantages of 
cuit Design, April 1958, 12 pp. A various types are discussed. Among 
guide to selection and circuit ap insulating materials analyzed are 
TOOL ond MANUFACTURING CO. plication factors for selenium recti- newer materials such as glass fiber 
4021 W. LAKE ST. «© CHICAGO 24, ILL. hers derived from basic circuit Dacron polyester yarn. Nylon vari 
272 Circle 274 on page 17 FCTRIC 4 ‘ FACTI 


Mylar polyester film and Quinterra 


The Finest Portable ) asbestos paper. oat 














DUTCH BRAND PLASTIC TAPE 


for every electrical need! 


From high line to cable vault Dutch Brand Plastic Elec- 
trical Tape meets the requirements of the job. It has 
high dielectric strength, over 1000 volts per mil of thick- 
ness, with stretch to conform neatly and smoothly to 
irregular shapes. It protects against corrosion, is weather- 
proof, waterproof, rot, mildew and fungus proof. Linemen 
and electricians know the value of dependable tape . 
and tape economy. 

That’s why they insist on safe, easy-to-use Dutch Brand 
Plastic Tape for every electrical maintenance, production 


a JoHNS-MANVILLE 


Circle 275 on page 17 








and construction job. Available in the sizes and widths 
to meet every requirement. 


Write for booklet— In the market for 
new ideas on tape as a time-and- 
money-saver? Send for ‘“‘Big Four in 
Electrical Tape s,”” our neu 
Write today! 

Johns- Manville Dutch Brand Products Ry 
7800 South Woodlawn A 

Chicago 19, Illinois 


booklet. 
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The Finest Portable mn 
Transistor Radios ah py i 
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NO 41 TINI JAX’ 


yee ae 
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iti Ya -32 Too 
oe 32°°**~208 


NO 42A°TINI Jax’ 


OA wasnte 


















‘ APPROX. 
TWICE a 
aes = Maer . 

SIZE NO.45a°T 
Most nanufacturers o! lransisto? 
Radios use SWITCHCRAFT “Tini 
Jax” for the ear-set connection 
A ae a a ENGINEERS AND DESIGNERS—Write for 
ee pee eS Sa eae os new Switchcraft bulletin $-58. Contains 
standing features of the “Littel-Jax 


ys ove F complete decrription, dimensions ond 
*Tini-Plugs” and “Tini-Extension-Jax schematics on hundreds of Components 
available. 


5539 N. ELSTON AVE., 
CHICAGO 30, ILL. 





Conadian Rep: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto, Ontario 
Circle 276 on page 17 


“~ 4 Douglas Aircraft Co. HWSES 
Phoostron RUGGEDIZED Panel Meters 





PHAOSTRON 


UH A a 


PANEL METERS 


SEALED CASE 
INBUILT SHOCK MOUNTS 
RUGGEDIZED MOVEMENT 





Available 


PHAOSTRON Instrument & Electronic Co. ? i] AY Doi \) N 


151 Pasadena Avenue, South Pasadena, California 
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Mylar polyester film and Quinterra 
asbestos paper. (707) 


Cryogenic Devices in Logical Cir- 
cuitry and Storage, February 1958, 
8 pages. This article presents a 
review of superconductor funda 
mentals and current application 
and development trends for cryo 
genic components in computer logi¢ 


and storage circuits (711 


The Anatomy of Automation, January 
and February 1958, 20 pages The 
broad ge neral area of “automatior 
is classified into four major sections 
basic elements: manufacturing ip 
plied energy); control (applied in 
formation mechanized mental 
operations (applied intelligence 
Definitions, examples and discus 


sions of 117 key automation terms 


re organized into 18 sub-classifica 
tions 727 


Foamed Plastics for Structural Func- 
tions in Electronic Equipment, Jan 
uary 1958, 8 page 


‘ 1 
S This article 
} ' 


wich-type elk 


de scribes use of san I 
ments made from foamed plas 


in mechanical parts such as mount 


i 


ig plates In equipment suc 


' 
iirborne electronic systems where 
severe vibration and other severe 
environmental conditions apy 
aoe 
ot toam embedments iS il is 
1 } 
sociated technique 1s ilso described 


709 


Design Advances from Magnetism Re- 
search, January 1958, 16 pag 


Commercial significance and desig 
promise ot new develop nent 

soft magnet alloys parti ular 
ube oniente d silic on-iron for ] we 


equipment, permanent magnet 
cluding design techniques tor cu 
rent ind s n-coming new mater 
ils: thin magnetic films and other 


lidates for computer 


promising Can 
memory devices: ferrites, garnets 
and the revolution in microwave 
techniques and magneto-optics—as 
disclosed at the 1957 AIEE Con 
ference on Magnetism (704) 


Design and Application of Hysteresis 
Clutches, December 1957, 16 pages 
Advantages of hysteresis clutches 
for control and instrument purposes 
are evaluated, and important cir- 
cuits analyzed. Complete details of 
electrical and magnet design of 
these clutches are presented, includ- 
ing altitude operation considera- 
tions. (733) 


New Procedures for Designing Linear 
and Swinging Chokes, December: 
1957, 8 pages. A simple widely 
usable procedure to save time in 
the design of linear and swinging 


chokes is described and illustrated 





with specific examples. ( 


desion data and curves. verified 



















Syivania [eF-tF] transistors 


Five new PNP Drift transistors, types 2N247, 2N370, 2N371, 2N372 
and 2N544, for radio frequency amplifier service 











ter lead mnected to the tal S Cal rania Sales Representative 
providing a complete unit shield and r write dir for information on new 
interlead shield. Coupling to adjacent cir Sylvania PNP drift transistors, types 


cuit components is reduced to a minimum 2N 247, 2N370, 2N371, 2N372 and 2N544 








the door to more transistorized 


ELECTRICAL CHARACTERISTICS (25°C) 
1c 2N247 2N370 2N371 2N372 2N544 Unit 


db 









equipment operating from the 


band to the higher frequencies 





; The new Sylvania drift transistors in 
corporate a diffused base on an intrinsic 
germanium layer for improved control 

. over base thickness, more uniform base 









region, lower base resistance and reduced 
collector capacitance. The end result is su- 
perior performance at higher frequencies 

The new PNP drift transistors feature 
Sylvania welded hermetic seal construc- Collector Base Capacitar 


1? 


tion for maximum protection in rugged Vcr 





environments. They are encased in a 
modified JETEC class 30 case with four 


flexible in-line leads. The additional cen- 


SYLVANIA ELEcTRIC PrRopuctTs INC. 
1740 Broadway, New York 19, N. Y 
In Canada: Sylvania Electric (Canada) Ltd. 
Shell Tower Bldg., Montreal 


LIGHTING 


























+ TELEVISION + RADIO + ELECTRONICS + PHOTOGRAPHY + ATOMIC ENERGY + CHEMISTRY-METALLURGY 
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smallest, lightest MS “E” connector 


Stub E connectors are fully approved MIL-C- 
5015C MS connectors, meeting or surpassing the 
environmental resistance requirements of that 
Specification. Stub E connectors are also the stub- 
biest MS “E” designs available — AMPHENOL took 


neer’s book while at the same time meeting all 
dimensional requirements of MIL-C-5015C. 

Stub E connectors have a fully unitized rear 
sealing grommet assembly in which the grommet, 
compression nut and ring are a single unit, making 
assembly and disassembly quick and easy. Solder 
pockets of the silver-plated contacts are pre-filled 
for easier, less expensive soldering. 

Shell styles 3100, 3101, 3102 and 3106, sizes 8S 
through 36 and 51 insert arrangements are available. 





eS ad sa ie gi nvlan._-Karmvar 


with specific examples. Complet 
design data and curves, verified | 
use in a design organization, are 


given. 702) 


Design of Cooling Fins for Semicon- 
ductors, November 1957, 8 pages 
Removal of heat from semicondu 
tor devices is accomplished p 
marily by providing increased 
face area. The geometry, materi 
selection and dimensions of cooling 
fins for this purpose depends up 
numerous factors. Calculation met 
ods with convenient nomograms ar¢ 
presented for direct use in the de 


sign of fins. 710) 


Research Progress in  Dielectrics— 
1957, December 1957 12 page 


Annual on-the-spot staff review of 


the meeting of the Conference 

Electrical Insulation (National Aca 
demy of Sciences—National Re 
search Council). Subje cts discussed 
include: Materials for severe ten 
perature and other environmental 
conditions in supersoni missile ar 

aircraft applications; radiation ré 


sistance of silicones: de gradation of 
Mylar film: insulation life of flexible 
insulati a mechan STEIS I t lectr 
failure; “treeing” ir polyethy ‘ 
cable. Table and g1 iphs (712 


lransistor-Magnetic Amplifiers, S 


tember 1957, § pages. Sever 


bination circuits: three a-c se1 
amplifiers; pulse-width modulated 
d-c switch; d-c to a-c servo imp!) 
fiers: a-c to d-c regulated powe 
supply; low-level harmonic 
type amplifier 728 


[Thermal and Acoustical Insulation 
Problems, August 1957, 8 pages 
Newer types of thermal insulation 
are reviewed, particularly in rela- 


tion to current requirements in ap 


“2 
pliance design. Applications are 
discussed in refrigerated equipment 
ranges water-heaters air cond 
tioners ind home laundry equip- 
ment. Materials discussed include 
improved types of fibrous glass 
gas-filled insulation: cellular or 


foam plastics; molded fibrous glass 
Acoustical design problems are also 
inalyzed and applications of fibrous 
glass described. Property charts 
temperature analysis charts; appli 
cations illustrations. (723 


Evaluation of Enameled Magnet Wire 
and Applications, October 1957, 
20 pages. A detailed review of the 
major types of enameled magnet 
wire, with properties appraised in 
relation to specific areas of product 
application. Types of wire reviewed 
include those with plain enamel, 


€Circle 279 on page 17 
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21 different basic insulations 


84 different insulation constructions 


100,000+ different types and sizes 


(in round, square and rectangular fabric and film coated magnet wires) 


Add them up! EXTRA care in drawing and annealing—EXTRA « 


g Ss iting 
hniques! EXTRA rigorous “in-proce testing of wire fr Mir 
lay plus 100% final inspection! EXTRA quick identificati n of size and type 
on easy-to-read, color coded labels ...and EXTRA attention to packaging 
(spool, reel, and Magna-Pak it each of the four plants 


MAGNET WIRE DIVISION, Essex Wire Corp., Fort Wayne 6, Indiana 


Manufacturing Plants: Birmingham, Alabama; Anaheim, California; Fort Wayne, Indiana; Hillsdale, Michigan 





NATIONAL NETWORK OF WAREHOUSES AND SALES OFFICES...CALL YOUR LOCAL “ESSEX MAN” 


MAY 1958 
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GUARD AGAINST 
CORROSION WITH 
ALCOA ALUMINUM 
FASTENERS 


Whatever you make, make it better 
of aluminum and fasten it with Alcoa® 
Aluminum Fasteners. Guard against 
both galvanic and atmospheric corro- 
sion and get lasting sales appeal with 
bright, carefree aluminum fasteners. 








For your requirements, call your nearest 
Alcoa sales office. Complete stocks of 
all standard types and sizes of Alcoa 
Aluminum Fasteners are on hand at 
your local Alcoa distributor. Look in 
the Yellow Pages of your telephone 
directory. 


| Sy 


f ALCOA c ALCOA THEATRE 


; ALUMINUAA Exciting Adventure 
} FASTENERS Alternate 
i arwmenun sousenserenseee Monday Evenings 


Your Guide to the Best in Aluminum Value 
214 ee le eae 









FACTS 


7 
| 
| 
| 
| 
| 
| 
| 
| 


Aluminum Company of America 

2241-E Alcoa Bidg., Pittsburgh 19, Pa. 

Gentlemen: Please send complete specification data 
and semples of Alcoa Aluminum Fasteners 


Nome 


| 
| 
| 
| 
; Title 
| 
| 
i. 


Company 

Address — a 

ee ee ee oe oe eae ane ee ee oe ae cee a ae ee ld 
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nvlon-Formvar, 


Teflon, Teflon- 


Formvar, nylon, 


polyester, epoxies, 


acrylic, and polyurethane. Detailed 
tables of properties, application 
areas, advantages and disadvan- 


tages ot specific types, trade names. 
and applicable standards (729) 


Analysis and Elimination of Corona 
Effects, November 1957, 8 pages. 
A discussion of the causes that lead 
to corona with examples of specific 
procedure Ss, SUC h as ¢ hanges In con 
figuration, to eliminate 
tects. Test 


and location of corona are 


corona et- 
methods for detection 
also de- 


scribed (701) 


Housing Design for Centrifugal Blow- 
ers, November 1957. 8 pages. Effect 
of three major factors in housing de- 
sign for single-inlet impe llers of the 
squirrel-cage type are considered 

with 

width and 
geometry of inlet ring. Test data are 
analy ZA d as basis ot choice ot the Se 


(705) 


scroll shape, housing width 


respect to blower 


design parameters 


Minimizing Partially Developed Relay 
Tree Circuits, 1957, § 


pages. In a fully developed relay 


August 


tree (all possible outputs utilized 
the number of transfer contacts is 
determined by the number of re- 
lavs—regardless of circuit arrange 
ment. But if all outputs are not 
utilized, the number of transfer 
contacts can varv according to the 
Article 


presents unique graphical method 


tor “mapping 


way the circuit is designed 


circuit arrangements 
with a minimum number of transfer 
contacts. (719) 
High-Precision Electromechanical Lin- 


ear Measuring Systems, August 


1957, 16 pages. A critical evaluation 
of accuracy, linearity resolution 
ind sources of error in position- 


closed 
loop machine tool controls ditteren- 


tial transformers and 


measuring transducers for 


capacitors 


linea 


potentiometers ultrasonic 


svstems lead screws and_— rack 
systems with rotary signal pickofts; 
optical systems; digital scales; Pratt 
& Whitney “Electrolimit 


“Inductosyn:” 


Farrand 


Canadian Westing- 


house “Nultrax.” (725) 
Integration of Dielectric Materials, 
Processes, Components, July 1957, 


12 pages. On-the-spot staff review 
and interpretation of 1957 meeting 
of the Electric Division, Electro- 
chemical Society. Property and ap- 
plication data on fluorinated gase- 
ous dielectrics and 
paper. Summary of 
high temperature 
500-€ 


metal-fiber 
progress in 
dielectrics fo 
capacitors. Problems in ther- 








HEGO 


STRAIN RELIEF 


BUSHINGS 


insulate & Anchor 
power supply cords 






For 
standard 
& special 
wires & 
cables— 





Protect the life line of 
your electrical products 


Tell us your wire sizes— we'll send 
you Nylon HEYCO samples 
HEYMAN 


MANUFACTURING COMPANY 
KENILWORTH 1, NEW JERSEY 


fy 
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SPECIFIED INDUSTRY-WIDE FOR ay, 
OUTSTANDING DEPENDABILITY... a a f 


a CAG IY 
Of) 0] RESISTORS. i 


O | = | and 
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LULU RHEOSTATS 


, 


Offering Designers and Engineers Eiectrical and 
Mechanical Advantages of Proven Dependability 





notaée 



















g life in military and commercial applications f JOusS al applications — 

e Smooth, long-life e Non-crazing, high —we 
mechanical action temperature coating e* 

e Permanent, positive e Maximum immunity / 

electrical contact to humidity, salt spray 

Constant pressure Stronger core affords 
contact arm adjusts extra dependability 
tension for complete under extreme operat- 
continuous contact, ing conditions. All wire 
eliminates backlash, connections on H-H 
prevents binding. High Long Life Resistors 
temperature gray vitre- feature all welded con- 
Ous enamel coating in- struction. The fixed . 
creases Safety by its : ferrule and adjustable 
ability to withstand types meet MIL-R-26 
overload. specifications. 




















H-H Blue Ribbon Re istors rovide higher wattage 
ratings per unit, save space and weight wherever 
mounted. Ruggedized construction features high 

temperature, vitreous enamel, Crazeless coating 
offering maximum moisture resistance. Aluminum 
thru-bar distributes heat uniformly along entire 
resistor length. Mounting studs are all corrosion 
resistant, and bracket assembly is vibration-proof. 


Illustrated catalogs available on 
H-H Resistors and Rheostats includ 
helpful engineering and installation 

data. Call or write for copies, now 
Standard stock items available for 
immediate delivery from authorized os 


local electronic parts distributors 





DESIGNED 
TO MEET MIL-R-26 
SPECIFICATIONS! . 
The Mark of Quali ty 
Since 1924 
40 HERMON ST., NEWARK.5, N.J., U.S.A. 
MAY 19 Circle 283 on page 17 
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CLEVELITE™ PHENOLIC 


LAMINATED TUBING 


Has the electrical and mechanical ad- 
vantages your product requires whether 
cores, collars, spacers, bushings, insula- 
tors or some other application. 


ee ee a ee 


Clevelite is available in a range of seven 
grades and is produced in diameters, 
wall thicknesses and lengths to your 
specifications. 


Non-tracking and insulation resistance 
are particularly outstanding. This tub- 
ing also is unaffected by oils and sol- 
vents... may be easily punched, ma- 
chined or sawed. 


ee eal 


Write for the latest Clevelite brochure mentioning, if convenient, 


your uses for the tubing. Samples will be sent on request. 


W hy pay more? For quality products...call CLEVELAND! 


Reg. U. S. Pat. Off 









PLANTS & THE 


=~ CLEVELAND CONTAINER 


CLEVELAND 
CONTAINER 
CANADA, LTD 
TORONTO & 
PRESCOTT, ONT 


SALES OFFICES: 


NEW YORK 
WASHINGION 
MONTREAL 


















LOS ANGELES 
PLYMOUTH, WIS. 
JAMESBURG, N 
OGOENSBURG,N Y 


6201 BARBERTON AVE. + CLEVELAND 2, OHIO 


ABRASIVE DIVISION at CLEVELAND. OHIO 


REPRESENTATIVES 
NEW ENGLAND: R. S. PETTIGREW 4&4 COMPANY CHICAGO: PLASTIC TUBING SALES, 5215 N 
10 N. MAIN ST. W. HARTFORD, CONN RAVENSWOOD AVE., CHICAGO 
NEW YORK: THE MURRAY COMPANY, 604 WEST COAST: COCHRANE-BARRON CO., 544 
CENTRAL AVE., E. ORANGE, N. J. S. MARIPOSA AVE., LOS ANGELES 
PHILADELPHIA: MIDLANTIC SALES COMPANY, CANADA: PAISLEY PRODUCTS OF CANADA, 
9 €. ATHENS AVE., AROMORE, PA. LTO. BOX 159 — STATION “HH”, TORONTO 


280 Circle 284 on page 17 


Pimiirhrla_hpnarral anliitinn 








mal evaluation and classification of 
insulation. Statistical studies in in- 
sulation life. Tables and graphs are 
included. 


(721) 
Numbering Systems, September 1957 
8 pages. An easy-to-read but stimu 
lating discussion of the concept of 
number and the basic arithmetic of 
positional numbering systems with 
anv base: binary 2), ternary 3 
quaternary } 
mal 10 


coded decimal numbers A needed 


, quinary (5), deci 


duodecimal (12), also 


background for computer and nu 


] 


merical control system design. 


(703 


Design Procedures for Special Type 
High-Temperature Transformers, 
July and August, 1957 
A two-part 


by-step design procedures for high 


20 pages 
presentation ot step 
temperature transformers of | the 
following types: transformers with 
unbalanced d-c magnetization, cur 
rent limiting transformers, current 
limiting transformers with unbal 
anced magnetization, and vibrator 
supply transformers (735) 
Relay Design Targets, Tune 1957, 12 
pages Report of the 5th Electro 
Magnetic Relay Conference held 
Oklahoma A & M College in April 
deals with relay de sign ipplic itto 
ind testing. Much of the latter ha 
to do with selection of relays for 
reliable operation under 
conditions of shock and vibration 


1 
such as encountered 


extreme 


tl missile cil 


aaa 
cuits (717) 


JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages 
Revised specifications for the appli 
cation of electrical apparatus to 

welders and other industrial equip 

ment, as adopted by the Joint In 
dustry ( onterence held Be} Detroit 

March 1957. Single reprints, no 

charge. Multiple quantities obtain 

able at the following prices: 5 


$3.75: 10—$6.00: 25—$12.50: 50 


$20.00: 100—$30.00. Send check 
with order pavable to The Gage 
Publishing Compan 1250 Sixt! 
Ave.. New York 20, New York 


(724) 


See next page 


for 
information on 


Multiple Reprints 


ELECTRICAL MANUFACTURING 








ELECTRICAL SHEETS TO PRECISE SPECIFICATIONS 





roper selection of lamination steel is 
critical to the final operation of motors, 
generators and other types of electrical 
equipment. Every application requires expert 
balancing of steel costs with necessary 
performance characteristics, gained through 
special attention to core-loss properties, 
permeability, gage structure and punching 
qualities. 

Acme-Newport has specialized in elec- 


trical steels for over 40 years, and has the 
technical knowledge, the modern facilities 
- and scientific control to meet your exact 


COMPANY requirements, at minimum cost. Call today. 
NEWPORT, KENTUCKY 
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Double-barrel solution 
to all wiring problems! 


Fae 


Multiple Reprints 


Multiple Reprints (reprints or com- 
pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y 


Slide Rule Mathematics, 20 pages, 
plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi 

problems, this combined 

reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
Major topics 


* 


neering 


settings are given. 
include 
e The Basic Slide Rule 
Variations on Basic C-I) Opera- 
tion 
Trigonometry 
Che Log Log x ales 
Vector Diagrams 
Hyperbolic Functions 
Phasor Calculations 
The Circular Slide Rule 
Written by Ira Ritow, engineer 
teacher-author, previously 


Longer lasting CHESTER Plasticord-Plasticote wires, and 
nylon and teflon® insulated conductors, are available in stand- 
ard or custom constructions ‘for every requirement. All are 
service-proven for complete reliability for the specific appli- 
cation for which they are engineered. And equally reliable, is published work in ELecrricat 
the service behind them...from “crash” deliveries to engi- MANUFACTURING include 
neering assistance on the design of ( 

special purpose constructions! 


Ww hose 


~( ipsule 
ilculus ind the 5-part 
“Fundamentals ot Servomechanism 


$1.00 


SeETIES 
Design.” 
i's Casting Resins and Application Tech- 


ee a niques, 52 pages. Eight previously 
—for Smooth Pliability with Super-Durability published articles dealing with the 





“Airsac’’ TV 

Lead-in Wire 
Appliance Wire 
Annunciator Wire 
Annunciator Cable 
Antenna Loop Wire 
Braided Wire 
Coaxial Cable 


Custom Cable 
Constructions 
Flame Retardant 
High Voltage Wire 
Flexible Bell Cordage 


E 


High Frequency 
Test Lead 
High Frequency 
Lead Wire 
Intercom, Control 
and Audio Cable 
Microphone Cable 
MIL Hook-up Wire 
Miniature Wire 
and Cable 
Multiple Conductor 
Cable 
Nylon Coated Wire 
Overbraids 


‘‘Parallead’’ TV 
Lead-in Wires 
Phonograph 
Pick-up Cable 


Photoelectric Cell 
Rotor Cable Cable 
RVC-300 Apparatus 


Shielded Cable “V''® 
Teflon Lead Wire 
Telephone Bridle Wire 
Telephone Cable 
Telephone Inside Wire 


CHESTER 


CABLE CORP. 


HILL STREET, CHESTER, NEW YORK, U.S.A 
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PIONEER PRODUCERS OF PLASTIC INSULATED WIRES AND CABLES 


Human 


: : 
specihc design parameters, inclu 


embedment, encapsulation, and im 
pregnation of circuit units and com 
ponents. Individual articles cover 
Property data on casting resins 
Evaluation tests on resin systems 
Results of environmental tests on 
embedded units; Process contro] 
problems Annotated bibliography 


f artic les 1s included $2.00 


Engineering in Equipment 
Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and _instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 


ELECTRICAL MANUFACTURIN( 
































You'll Find the Right Blower to Suit 
Your Product Need When You 


consult <Fhsco first! 


Fasco keeps on top of the rapidly expanding 
market for centrifugal blowers by offering a 
complete line designed to meet practically every 
requirement. Many manufacturers of electronic 
equipment . . . commercial, marine, aviation and 
household ventilating apparatus . . . gas burners, 
dryers and furnace boosters ... depend on compact, 
quiet-running Fasco Blowers to do the job 

with maximum efficiency, minimum 

attention at low cost. 

If you have a blower application calling for air 
out-put ratings between 15 to 320 C.F.M., or 
require one to meet exact specifications within this 
range—then it will pay you to consult Fasco first! 






a 2 @ 1 we HM 42 eS we 
STAT PRESSURE MES OF WATER 


42 eTTs FREE 4m aT 2700 Be 























SPEAKING OF MOTORS... 
FASCO has a reputation for build- 
ng rugged Shaded Pole Motors of 
heavy-duty design, guaranteed for 
long, trouble-free service life 
Available in FHP ratings from '% 

to '4, FASCO Motors run cool be- 
cause they carry oversize, self- 
aligning bearings. You gain all the 
way with FASCO Motors. They re- 
Quire little attention and their 
proven record of efficiency en- 
hance customer confidence in the 
products they serve 











oe © 8 20 23 Ww BM 46 45 SO 5S 
STATC PRESSURE, OHMES OF WATER 
@S WATTS FREE am AT 1450 RPM 









Write, wire or call us, or the FASCO field office near- 
est you, and a field engineering specialist will call 
at your plant to study your particular application 


This catalog gives complete information on 
Fasco Shaded Pole Motors and Blowers. 
A copy is yours for the asking. 






ASCO inoustries, ine., Rochester 2, N. ¥. 


Tel: HAmilton 6-1800 


BRAN CH ENGINEERING OFF C E'S 


East North Central 1645 Harold Drive North Central 5306 W. Lawrence Ave. West Coast P. 0. Box 305 
Dayton 6, Ohio CRestview 4-9514 Chicago 30, iil. Kildare 5-0556 LaHabra, Calif. OWen 7-3815 
Mid Central 1110 S. Brentwood Bivd. South Central 4924GreenvilleAve. Home Office 255 N. Union St. 
St. Louis 17, Mo. PArkview 1-0866 Dallas 6, Texas EMerson 8-2603 Rochester 2, N.Y. HA6-1800 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10H. P. 


Modern industrial electronic en- 
gineering has been 
with 


coordinated 


electric motor 


design 


to 
provide a versatile for 
the full possible ad- 
vantage of speed control in DC 


motors while operated from the 


meons 
obtaining 


regular alternating current power 
Grid controlled 
tubes are utilized for power con- 


line Thyratron” 
trolled stepless variation to sup- 
ply 
Patented 


motor armature 
feedback 


provide 


power 
or “Servo” 
circuits constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 


to 1 in others 


ne VAs oR) a7 (4s Sere 
4 Godwin Ave. 


Paterson. N. J. 
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A NEW FASTENER...A NEW TYPE OF FASTENER 


DIE CAST ROUND-HEAD 
TR REET Ss 











Mass produced in rust proof zinc alloy at low cost 


with eye appeal to help sell your product 
As in all other GRC quality fasteners 
threads are clean and accurate 


wing nuts 
cap nuts, wing screws 
6 standard diameters 
1/2” to 1-1/8"; stand- 
ard thread sizes; +4 
through 7/16"; both 
open-end and closed 
end thumb nuts; thumb 
screws with and with 
out shoulders. Generous width, 
fluted edges assure firm 
grip 


Also molded nylon fasteners _ — 


Write today for prices and bul- 
letin, or ask for quote on spe- 
cial needs. 


GRIES REPRODUCER CORP. 


149 Beechwood Ave., New Rochelle, N. Y. © NEw Rochelle 3-8600 


deep 
comfortable 


284 
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icant cost element in the di 


t 


of orders makes possibl 


cle sign 


Sp ( ific 


oe 
parameters mciud 


ng proble ms in military equipment 


control systems data processi 
systems, speci il purpose instrume 
tations and training devices. Met] 


ods for setting up human engineer 


Ing groups within an engineering 
organization are give Tables 
human engineering lo's 
don'ts.” S25 


Multiple Reprints 
at Quantity Prices 


1 1 
Since | indling expense S are 


aioe 
striput 


these Multiple Reprints, group 


substantial 


‘ 


1 


savings in cost per copy. | g 
7 ; 
shipments to one iddress mn) 
iccompanied by remittance, thi 
Quantity 
litle 9 25 
S| R \i i 5 
Casting R ta 
Hu Engineer Ze oe 
Prices given above include sh 


rges Make checks pavable to | 
ige Publishing ¢ 


MM mpany ~ 


New York N. ¥ 


0) 


Now Ready— 


Get Your Copy of the 


EDITORIAL INDEX 10 
ELECTRICAL MANUFACTURING 
FOR 1957 


mn addition n annotate 
ject-classified index to il 
feature articles. this 24-page b 
provides an author index 
reproduces the ELeerricat Many 
UFACTURING Functional Subje: 
( lassification ind Alphabeti: i 
Subject Cross Index. To receive 
vour copy of this index withou 
charge. circle No. 737 on the 
Reader Inquiry Service Card on 
page 17 














have you checked this 
Remote Actuator for jobs 
under Shock and Vibration? 


oy. 4.% 
ROTARY SOLENOIDS 


(Mid. under license from G. H. LELAND, INC.) 























(When Modified for Straight Pull) 


CUSTOM-BUILT FOR— | 
| ROLLER~ 
SLAVE g ® * ' MASTER ——v , 
. ouuma eo PIVOT ) ~, 
. ne ; 3 § ee LG a \\ 
* : ~ }} ROT On 
fo oN S-WIRE CABLE CONTROLS a fF 
oc f/f | m\ SWITCH POSITIONS | oe Ned 
start STO cpu OVER DISTANCES UP TO CUSTOA oi 
SEVERAL HUNDRED FEET j ARMATURE PLATE 
MASTER-SLAVE DEVICES CAM LIFTS 
(Incremental Positioning) 
ia le: wine: eh ciel cele a ae eae Sen: een Ge eam ity i: ca ee, mw eee etn ea tee Sa 
ig 
A.B, C, & D ARE DRIVEN BY SOLENOIDS | 
Cd AES A9 TD AID A™> serene: ae 
Cea LO 100's o) {s tos ts rs 8 i ee es ee 
XN Qe Cue Xr | : I ——— ————— 7 re 
‘ — ——7¢ 
A © Cc D ? ee 
4 DECADE COUNTER | Yao ————or 
ADDED SWITCHING ALLOWS aes nea 
PRESETTING A FUNCTION TO OCCUR | SLAVE Ri? WIRE CABLE \ 
AT ANY COUNT SUCH AS SHUT OFF NSTANTANEOUS POSITIONING OF 
WATER AT 397 COUNT, ETC | MAME GY PUREE A Gait one 
PRESETTABLE COUNTING DEVICES | AUTOMATIC SWITCHING 
—i--—,;-------— 
| | COUPLING AND 
| | SOLENOID BRAKE 
LOAD 
| SHAFT 
| | 
CD — waive 
i 
| me = | 
TRIPPING DEVICES | ACTUATORS |. CLUTCHES and BRAKES 
\ 1 


stepping torques from 6.4 to 64 inch-ounces 


If you’ve been searching for an actuator that meets such specs as 
MIL-S-4040A, and is remarkably small for the amount of work it can 
do, investigate Oak Rotary Solenoids. They operate on DC and are 
designed for intermittent service. Standard models give steps of 25°, 
35°, 45°, 67.5°, or 95° in either a left or right-hand direction. Self-stepping 
or externally pulsed units are also built. Oak Rotary Solenoids find wide 
use in both commercial and military equipment. Why not evaluate their 
unusual capabilities for your next project. We will be glad to help you 
engineer the job. Just send us a short description and sketch. 
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MODEL 5E 
SHOWN ACTUAL SIZE 





OPERATES IN ANY POSITION 


Body remains 


t 
mata Ratchet 


toraue in mechanism is 
ah Jon YY / added to 
Vf provide 

stepped 
progression 


j of an 
rt: ¢” 
j A = 


“Solenoid” shaft oscil- 





Armature plate rotates lates with armature . .. 

through predetermined can be supplied at front 

angle then springs back of rear .. . other power 

to original position. take-off arrangements 
also possible. 





EXTREMELY ADAPTABLE 


DYE ee 





HERMETICALLY ROTATES IN 
SEALED BOTH DIRECTIONS 
BUILT INTO 
<=, COMPLETE SUBCHASSIS 
WITH SEALED 
DUST CAP 





OAK: > 


1260 Clybourn Ave., Dept. H, Chicago 10, Illinois 
Phone: MOhawk 4-2222 


SWITCHES © ROTARY SOLENOIDS ¢ CHOPPERS 
VIBRATORS ¢ TUNERS 
SUBASSEMBLIES 
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DOUBLE 
HEADER 


TEFLON'-INSULATED 
STANDOFF TERMINALS 


Another 
Leslectro Firet! 


Provides in a single unit two insulated standoffs 
that mount in one hole. Connections made on 
either or both sides of chassis, independently of 
each other (not a feedthru). Saves space, labor, 
time, money. Pin or turret lugs. 3500 to 5500 volt 
nominal ratings. And available in eight code colors 


Just another example of the outstanding versa- 
tility of genuine Sealectro Press-Fit terminals 
Over 600 standard numbers to choose from. Fea- 
turing Teflon insulation advantages, one-piece con- 
struction, jiffy installation, stay-put performance 


Brand new edition 
More pages, listings, 
engineering data. 
Write for copy. 


tTrademark of E. I. DuPont 
de Nemours & Co.. Inc 


\ \ “Fi CORPORATION 
610 Fayette Avenue, Mamaroneck, N. Y 
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Men in Industry 








Ray Taylor has been appointed chiet 
Varo Manufacturing Co.., 
During his three 


eng ineer of 
Garland. Tex 
at Varo. Mr 


munications 


years 
laylor has designed com- 
equipment, airborne and 


ground power conversion equipment, 


and frequency meters and standards 
He had tuning 
fork frequency standard used in Satel 


lite Explorer II. 


responsibility for the 


Frank W. Lynch has been 


vice-president ol engineering tor the 


ippointed 


Electronics Co. division of 
The Siegler Corp.. Los Angeles, Calif 
Mr. Lynch. who has held key posi- 


tions in developing electronic 


Hallamore 


systems 
for many of the nation’s most advanced 
missiles and aircraft. was with Northrop 
Aircraft, Inc. at Calif.. 


for eight vears before joining the Sieg- 


Hawthorne. 


ler team 





Two have 
Semiconductor 
Products Dept. Sydney O. Johnson (left) 


has been named manager of transistor 


engineering promotions 


been made by GE’s 


advance and design engineering, and 
Martin £. Clark (right) manager of 
transistor product engineering. 

Mr. Johnson joined the Semiconduc- 
tor Products Dept. in 1951 as a device 
design engineer. In 1954 he was pro- 
moted to supervisor of germanium 
transistor engineering, the post he held 
until his latest promotion. Mr. Clark 


joined the company in 1948 as a project 


meer lor test pment 


deve lop 
ment in the Specialty Dept. In 1951. he 
was promoted to section engineer for 
test equipment engineering in the Tech 
nical Products Dept In 1954. he was 


promoted to supersviser of silicon ree 


tiher engineering In the Semiconductor 

Products Dept.. the position he held 

intil his latest pro tio + 
William C. McDonald has been mace 

ce president in charge of engineering i 
ind manutlacturing « Non-Linear Sv- 

ems. Ine Del Mar. Calif. Mr \I 

Donald joined the company in 1956 

lirector of researe! ind was more 

recently a staff member of the Lincoln 

| aboratories. Prior to that. he was with 

Cornell Dubilier Elect: Corp.. Plan 


field. N. J 





Robert Strich ha- been 


engineer for the Lo- 


appointed chief 
knaalen Div. of 


Cannon Electric Co. Mr. Strich will 
plan, direct and control engineering of 
all products assigned to the division 
He joined the division as a product 


engineer in 1953 after 6 


Electrie Ltd 


years with 


Cannon London 


Jack H. Kubanoff has joined Fluoro 
carbon Products. Ine a division of 
Gasket Co. ot Camden. N. a He 
will be responsible for the design. de- 


ajay, 
velopment and engineering of new 
products to supplement existing prod- 
marketed by Prod 


ucts. He was previously affliated with 


ucts t luoroc arbon 
Remington Rand Univae as senior en 
module design 
and control systems for the LARC com 
puter. 


gineer in power supply. 


William V. Goodhue was elected to 
the position of vice president in charge 
of research and development of Uni- 
versal Winding Co.. Providence. R. I. 
He has instrumental in the de- 
velopment of many of Universal’s new 


been 







ELECTRICAL MANUFACTURING 





ALLENPOINT will give 
‘ you a bulldog grip at 
no premium in price! 


Allen’s scientific redesign of the cup diameter on set 
screws gives greatly increased resistance to with- 
drawal torque. You can count on Allenpoint Set 
Screws to stay tighter longer, under heavy strain and 
vibrations. This dependable premium performance 
of Allenpoints is yours to use without increasing the 
cost of manufacturing your products. 





Uniform Class 3A Threads 

\llenpoints’ smooth, uniform threads prevent >ff-lead 
conditions like Fig. 1. With Allenpoints, you |. ve full 
even contact between the 
engaging flanks of the 
threaded members Fig. 2 
—and a tight friction lock 
over the entire length of 
the Allenpoint Set Screw Fig. | Fig. 2 





Strong, clean, deep sockets allow 

full wrenching leverage 

Sockets of Allenpoint Set Screws are 
cold forged to produce a deeper, 
smoother socket. No broach chips to 
interfere with proper seating of the 
key. This “pressur-forming” preserves 
the long steel fibers throughout the 
length of the screw-—stronger walls 
allow maximum tightening torque. 





These actual-size, unretouched photographs show the 
cup pattern made by Allenpoints, serrated points, and 
A.S.A. standard cup point set screws in a 3/4” steel 
shaft. At each degree of tightening force, Allenpoints 
make a full circle pattern, penetrating deeper for 
greater holding power. 


¢ more full thread on ALLE 
Allenpoint Set Screws have one 
more full thread than serrated 
point set screws. That means 


more holding power—especially 





We'll be glad to send you more information and 
samples of Allenpoint Set Screws and other Allen 
Socket Screw products. 


WH 


important when you're using 
short lengths. 


ofocked and solid by aqing austr 


i eo MANUFACTURING COMPANY 
Hartford 2, Connecticut, U.S.A. 
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GENERAL CABLE 
the complete line of 


Long experience in the manufacture of magnet wire has enabled General 
Cable to develop the industry's widest range of both returnable and non- 
returnable containers of all types. Designed to meet widely varying 
customer demands, they insure safe delivery and facilitate use of the wire 
at the lowest possible cost to you. No matter what magnet wire packag- 
ing problem you have, consult General Cable...they have the right 


packaging for you. 


STAR-PAK PAIL and DRUMS 
Non-Returnable, No Deposit 


+12 STAR-PAK pail, weight 75-100 lIbs., for size 23 
through 27 AWG. 

+30 STAR-PAK drum, weight 450-600 Ibs., for size 13 
through 22 AWG. 

+15 STAR-PAK drum, weight 200-300 Ibs., for size 13 
through 22 AWG. 

STAR-PAK pails ond drums are palletized for ease of 

handling. 


SPOOLS and REELS 
New, Non-Returnable 


Rugged, plastic one-way shippers for finer size magnet 
wire, 31 through 44 AWG. Available in 6, 41/2 and 3” 
diameters. Hardboard 12” reel available for larger 
size wire. Both returnable and non-returnable 12” reels 
ore palletized for shipment. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Payout Equipment General Cable also has available a com- 
plete line of accessories used in the take off of wire from STAR-PAK pails and drums 


or in spinning wire from reels and spools. 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, N. Y. 
Offices ond Distributing Centers Coast-to-Coast 


for quality and service 





--- Specify 
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machines and processes for the elec- 


tronic industries. 


W. F. Eagan has been named chief 
engineer of Allis-Chalmers Manufac 
turing Co.’s control department at Mil- 
waukee, Wise. Mr. Eagan joined Allis 
Chalmers in 1947 and for the last six 
months had been engineer in charge of 
control engineering. Prior to that he 
had been supervisory engineer of regu- 
lator engineering and circuit develop 
ment in the department. 


The Components Div. of International 
Telephone and Telegraph Corp.. Clif- 
ton, N. J.. has named Paul Petrack chief 
engineer for semiconductors. Mr. Pe- 
track joined the division in 1957 as 
project manager assigned to develop 
ment of semiconductor devices. Priot 
to that. he was with Radio Receptor CG 
Brooklyn, N. Y.. for 13 vears as ar 
engineer and as manutacturing ined 


engineering manager. 


Vincent Kaye has been appointed di 
rector of research and development for 
the Control Engineering Co... Detroit 
Mich. Mr. Kave will direct the efforts 
of a staff of specialists in electronics, 
pneumatics and fluid mechanics. 

G. Ross Kilgore, formerly director of 
the U. S. Army Signal Corps’ electron 
device division. has been named man- 
ager of the new Westinghouse applied 
research laboratory in Baltimore. Md 
established for the development oft radi 
cally new electron devices. Dr. Arthur 
S. Jensen has been named manager of 
the special electron devices section. and 
Gerald Klein has been named manager 
of the microwave tube section 

The laboratory is a branch of the 
electronic tube division’s applied re 
search department located in Elmira 
N. Y. and headed by Dr. W. H. Me- 
Curdy. 


Andrew C. Bayle has been appointed 
director of engineering of the Waltham 
Precision Instrument Co.. Waltham, 
Mass. Mr. Bayle will also head up the 
research and development activities of 
Waltham. He is credited with a number 
of significant developments in gyroscop 
ic instrumentation and servomechan- 
isms. 


W. P. Bollinger has been named direc- 
tor of engineering of the Missile Section 
of Bendix Aviation Corp., Mishawaka, 
Ind. Previously he served as project 
manager of fire control design and de 
velopment for the Radio Corporation of 
America. 


Murray Kanes, formerly head of the 
electro-mechanical development depart- 
ment of the research laboratories divi- 
sion of Bendix Aviation Corp.. Balti- 
more. Md.. has been appointed director 
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Styled by Brooks Stevens, 
internationally famous 
industrial designer. 


@ MODERN IN APPEARANCE 


e@ AVAILABLE AS OILTIGHT— £=».-—~—--~<~@ Vi pm - — — ——-—-— ——-—------ 
FOR CAVITY MOUNTING 


e EASY TO MOUNT 
e EASIER TO WIRE 
e INSTANT CHANGEOVER 


FROM MAINTAINED TO | 
MOMENTARY CONTACTS hd adh ade 





engineering of the Friez Instrument . z ee ve 





o 


oe “quality” SOU EU 


area ey ee 
US) 









GOOD-LOOKING 
AND GOOD 
“FEELING” 

DIE CAST HANDLE 









i WRAP-AROUND 
COVER 
gives complete 
access to drum 








EASILY ACCESSIBLE 
MOUNTING HOLES 

















MERELY LOOSEN 
SCREW AND SLIDE 
PLATE to change from 
momentary to 
maintained contacts 
—or vice versa 


SINGLE SCREW 
COVER MOUNTING 
—screw cannot 

fall out 





INDEPENDENT 
SWITCH MOUNTING 
prevents misalignment 









TERMINALS for 


front wiring 
HEAVY CONTACT 


SURFACES for 
long operating life 






RAISED EDGE 
for base mounting 
without spacers 




















TWO CONDUIT 


OPENINGS maximum rating 


- 2 horsepower 
Na me eet mee (2. TEN 
FOR CAVITY MOUNTING 
This all-new Allen-Bradley reversing drum switch was designed 
to heep pace with the mechanical beauty designed into so many 

of the modern machine tools. 

The Bulletin 350 reversing switch is equivalent to a three- 
pole, double throw switch ... and can be used with d-c motors: 
or single phase, two phase, or three phase a-c motors. 

Investigate the Bulletin 350... the new leader of its class . . 
in appearance. ease of installation, and operating life. An Allen- 


Bradley quality switch... in every sense of the word. Send for 
dese riptive bulletin. 


oD — 


ALLEN- - BRADLEY 


MOTOR ‘CONTROL 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada—Allen-Bradiey Canada Ltd., Galt, Ont. 


ee re. ummm | of over 1) American and foreign pat- 
| 








of engineering of the Friez Instrument 


Div. Mr. Kanes joined Bendix in 195] 
ind worked on the development of the 
three-dimensional flight table. Later, he 
issisted in the development oft auto- 
matic control and computer systems 


ipplied to machine tools 


Donald C. McDonald has been appoint- 
ed director of product engineering of 
Cook Electric Co., Chicago, IIL, rejoin- 
ing the firm after a year’s assignment 
with Bendix Aviation’s Bendix-Friez 
Li Baltimore. Md. Mr. McDonald is 


ed is invente or co-inventor ot 4 
1 
ibe f device ind systems whk 
e still classifie ler itional de 
‘ ~¢ re 


John L. Danforth, previously director 





i to vice-presi 
lent and director « echanical eng 
neeri A. John Gale, who has bee 
director of pplied pl cicc rries for 
ward responsil | tor this tu tion as 
vice-pre dent and director alied phy- 
sics john Cc. tec ee director 
of electrical engines g. Is now vice 
president 1 director, electrical eng 


neeri 
in 


Richard A. Shaw has heen named 
ief engineer of Nef 
Pasadena, Calif. Prior to joining Neff 
Mr. Shaw was with the Alectra Div. of 


Consolidated Electrodynamics. He also 
was a development engineer for Collins 
Radio Cs for tive vears 
William H. Mutschler has been ap vy 
pointed chief engineer of Allis-Chal 


mers Pittsburgh Works. Mr. Mutschlet t > Chemiseal Nylon (du Pont ZyTEL 


‘ 


rument Corp 











holds a | helor’s degree elect il me and electromechanical parts that 
neer gy 0 ( nell I ersit ul r Die, Wear resis It i Lie high 
Pa pres ctr n, is the most rigid. has the best 
1 1 1. hia ncan 
! fy Carnegie Institute of 7 I abrasion, che , solvents, : ell and greases. And 





the lowest priced of the standard nylon compositions. 
Coupled with U.S.G.’s Injection Molding “know-how” — 
o ones 1 “hen a] Ivlon assures vou the lowest cost isio 
Henry A. ‘‘Hank’’ Milloit has been ay Chemiseal Nylon assures you the lowest cost, precision 
nointed Chief of Research & Develop- roduction. And we specialize in handling 
ment at Magnetic Shield Div.. Perfe 
tion Miea Co., Chicago. Ill. He came to 
Magnetic Shield Division from Convair 
in Fort Worth. where he worked on mis 


e goes all the Way—oterin 


of parts but also a complete stock of 
rod, standard and pressure tubing, tape 








siles and net shapes. In extensive, specialized 
li speed automatic machining of parts from 

: stock to vour ifications 

Donald H. Montgomery has been ap- WO your incations. 


ervisorv development . c . , 
I For prompt service, contact one of The Garlock Packing Company's 


i} 
engineer of the Transducer Div.. Con- 3 


solidated Electrodynamics Corp. He 
will be in charge of all research and , 
ae velopment ictivities of the division’s United States Gasket coneee 


Enaisecring. Dept: nited Camden 1, New Jersey 
Federal Pacific Electric Co., Newark, t t 

N. J., has appointed P. M. Christensen | es 

is coordinator of engineering. In this k t ° «  *¢@ 

position, Mr. Christensen will formulate as e Plastics Division on 


policy for the engineering. development 


ind testing departments. He is a holder GARLOcC KH 





0 sales offices and warehouses thr ughout the U.S. and Cana ia, 


or write 
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Pets 


aa 


CAPACITORS: 


EANSTEEL 


RECTIFIERS 


RELIABLE TANTALUM CAPACITORS SINCE 
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SIZE 


1930 





of over 100 American and foreign pat- 
ents. 


Charles M. Heiden has been appointed 
manager of the Research Application 
Dept. at the General Electric Research 
Laboratory, Schenectady, N. Y. Mr. 
Heiden has been manager of engineer- 
ing for the Communication Products 
Dept. at Electronics Park, Syracuse. 





Company 
Briefs 


The Pyramid Instrument Corp., [yn 
brook, N. Y., has formed a new di- 
vision, the Sargent Electric Corp. Sargent 
is now manufacturing a complete line 
of standard and special toggle and trig- 
ger switches, specifically designed for 
small motors, electrical appliances, elec- 
tronic equipment and aircraft electrical 
circuits. 


Hyperion, Inc., 1447 Washington St., 
West Newton, Mass. is a new company 
organized to manufacture a-c to d- 
power supplies and d-c to d-e con- 
verters. Transistorized circuitry is to 
be featured in the firm’s military and 
commercial models. 


P.R. Mallory & Co., Inc., Indianapolis, 
Ind., has acquired plant, facilities and 
majority interest of the Milli-Switch 
Corp. of Santa Monica, Calif. Milli- 
Switch will operate under its own name 
as a subsidiary. Products include a line 
of snap action, sensitive precision 


switches and auxiliary actuating devices. 


General Transistor Corp. will start 
production of germanium and _ silicon 
computer diodes and silicon rectifiers 
early this year, and also expects to be 
turning out diffused base transistors 
in the near future. The company has 
acquired a new plant at 87-11 130th 
St.. Richmond Hills, N. Y., in its pro- 
gram of “planned growth.” The plant 
has 16.000 sq ft for the new diode 
division. 


Four new electric control product 
divisions have been established by Clark 
Controller Co., Cleveland, Ohio. The 
divisions are: Automation Div., which 
will handle engineered control systems 
and standardized controls for applica- 
tions requiring integrated control sys- 
tems; Packaged Drive & Control 
Centers Div., which will handle stand- 
ard, modified standard, and specially- 
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engineered packaged speed control 
drives, and control centers; Crane & 
Mill Accessory Controls Div., which 
will handle control equipment for ma- 
terials handling; and Standard Prod- 
ucts Div., which will handle standard 
and modified standard general-purpose 
starters, relays, limit switches, and 
similar equipment. 


Clary Corp. has consolidated its Air- 
craft Division and Automatic Controls 
Division into a single unit named 
Clary Dynamics. The division will de- 
velop and manufacture aircraft and 
guided missile components. 


Kirkwood Commutator Corp. of Cleve- 
land, Ohio, has purchased all equip- ; Ih ei SS 
ment, tooling and patents from the 
Pres-On Switch Co. of Winston-Salem. 

N. C.. manufacturers of the “UNI- | at betes isha Meme athe molele 
TOG” universal single unit motor start- 


d-¢ output: up to 249 volts maximum 
ing switch. 


The Permacel Tape Corp., New Bruns- 
wick, N. J., has changed its name to 3 : SINGLE-PHASE 
Permacel-Lepage’s Inc. Permacel. a . 
Johnson & Johnson company, acquired 
LePage’s in the spring of 1956. 


Automatic Electric Co. recently dedi- 1 omp. (resistive or inductive load) 
cated its new 1.520.000 sq ft plant at ; d-c output: up to 249 volts maximum 
suburban Northlake. Ill. Organized in 
Chicago in 1901 as the successor com- 
pany to the Strowger Automatic Tele- é “4 
phone Exchange, the company became ig ef ; SINGLE—PHASE 
a member of the General Telephone . ; E ¢ t 


Svstem in 1955. 


Rapid expansion of sales in the 
plastic foam field has resulted in the 
forming of a new division of The Day- 
ton Rubber Co., Dayton, Ohio. All Day- 
ton Rubber plastic foam products, or 
polyesters and polyether urethanes, will 
be marketed under the trade name of 


lt eg ees TeTore 
d-¢ output: up to 125 volts maximum 


THREE —PHASE 


“Stafoam.” Production facilities have ; 
been expanded for the newly-formed . 1.5 amp. (resistive or inductive load) 


urethane division and are located at es d-c Tae up to 372 volts maximum 
Marietta, Ohio and Hawthorne, Calif. 


Control Data Corp., Minneapolis, 
Minn., has purchased Cedar Engineering, 
Inc., an electronics and precision manu- 
facturing company, also located in Min- 
neapolis. The acquisition will com- 
bine the production and engineering 
skills of Cedar Engineering with the 
research and development experience 
of Control Data Corp. in the computer 
field. 


\ new organization has been formed ; biotite diated 
under the name of Quan-Tech Laborator- 5 FANS TEEL 3 
ies. Headquarters have been located at TEE. 

236 Mt. Kemble Ave., Morristown, N. J., ; iat tdic 

which will be the scene of all engineer- 
ing, research, and production planning 
of the organization’s products. Quan- 
Tech will produce a diversified line of 


Z E $ DEPENDABLE RECTIFIERS SINCE 1924 
electronic instruments and measuring 
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Hi-Lo Load-0-Matic Control 
TELS AICS BN 





Hi-Lo Vari 


positively 


ible Speed Pulleys 


maintain the desired 


speed ratio over a wide range o 


load variation by means of an 
exclusive cam and cam follower 
issembly This means 


Pulley speed is independent of 


load changes. *‘Drag”’ is 


load and 


eliminated and high shock absorb 


ency provided. 


Pulleys do not compress belt 


due to spring pressure Springs 
ire not driving members. They 
act only to keep pulley Taces in 
contact with belt 

Pulleys automatically regulate 
belt tension. Because of the cam 
assembly. belt is never under more 


than required by the load 


Double « 


tension 
ims Maintall 


belt alignment 


HI-LO PULLEYS COMPARED 
TO OTHER VARIABLE SPEED PULLEYS 


HI-LO PULLEY 
1050 





950 CONVENTIONAL SPRING 


LOADED PULLEY 
900 


° 1 2 3 4 5 6 
LOAD AT TORQUE ARM, POUNDS 


PLUS THESE OTHER FEATURES 


e Smaller 


size than com 
@ Quickly and easily 


nstalled 


@ Replaceable face assemblies drast 


ut repair and replacement cost 
@ Available in sizes from .5 to 5 hp., ratio 
to 2.5/1 (single pulley) 6.25/1 (double 
pulley 
Request det and price Ask f 


Manufactu red By 
HI-LO 


N Distr ‘ By 

LOVEJOY FLEXIBLE 

COUPLING COMPANY 
8 N. Lavergne Ave 


Chicago 44, Ill. 


MANUFACTURING 
COMPANY 
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equipment for laboratory and 
trial use, including power supplies and 


special-purpose amplifiers. 


Datran Electronics, Div. of Mid-Con- 
tinent Manufacturing, Inc., 
quarters at 1836 Rosecrans 
Manhattan Beach, Calif. The 
facility quarters the sales, engineering, 


has moved 


into new 
Avenue, 
assembly control 


and quality depart- 


ments. 


The American, Electronics Co., 8] N. FE. 
Minneapolis, Minn., 
established a division 
the Monarch Electronics Co., 
the already 
American Electronics Co., 


Lowry. recently 


new known as 
which. to- 
established 


will become 


gether with 
divisions of the newly-organized Ameri- 
can-Monarch Corp. The American-Mon- 
arch Corp. will control operations of 
both divisions. 


Epsco, Inc., 588 Commonwealth Ave.. 
Boston 15, Mass., has announced the 
formation of an Advanced Systems De- 
the The 


group will be responsible for analyzing 


sign Group within company. 
the systems requirements of each cus- 
tomer and devising the most economical 
approach consistent with the reliability, 
accuracy and other performance specifi- 


cations. 


American Measurement & Control, 
Inc., 240 Calvary St., Waltham, Mass.. 


is the name of a new company formed 
here to conduct research and develop- 
ment work for government and industry 
and to produ ea line of elec tronic, me- 
chanical and electrohydraulic products. 
Donald G. O’Brien is 


chairman of the board. 


preside nt and 


Hydromatics, Inc., recently completed 
the transfer of operations to a 
plant at 70 Okner Pkwy, Livingston. 
N. J. The company’s products include 
high performance valves for industrial. 
uircraft, and missile applications. Hy- 
dromatics f 


new 


valves are used 


on most ol 
the major missile projects such as 
Vanguard, Atlas, Titan, Jupiter, and 
others 


Ultradyne, Inc., of Albuque rque, New 
Mex.. recently pure hased the produc ts 


ind physical assets of Quantum Elec- 
tronics, Inc., also of Albuquerque. This 


purchase the addition of 
junction transistor 
transistor 


permits 
d-c power supplies, 
analyzers, powe! analyzers 
and constant current power supplies to 


its present line. 


The integration of Norden-Ketay 
Corp., Stamford, Conn. and Solar Air- 
craft Co., Diego. Calif.. has been 
approved by the boards of directors of 
both companies and will be 
to the major 
designer and manufacturer of products 


oan 


submitted 


shareholders. Solar is a 


indus- | 





STROMBERG-CARLSON 


MUNNAR 


TVA CCPL eT 
PUNE LMI CID 





In such precision operations as auto- 
mation programming, you can now 
eliminate the risk of pushing more 
than a single button at a time. 

This new interlock feature is based 
on a simple arrangement of sliding 
cams. Only one button at a time can 
be depressed. This feature is available 
in all multiple-pushbutton assemblies 
(7, 10, 12 and 20 button arrange- 
ments 

All “telephone-quality” advantages 
of Stromberg-Carlson keys continue 
as before. You may apply “make,” 
“break,” “break-make” and “make- 
before-break” combinations as _ re- 
quired. You get standard spring com- 
binations with Form A, C or D con- 
tacts—or you may order special strips 
of keys with intermixed contacts. 

Buttons are available in white or 
colors—blank or with letter or number 
designations. 

For complete techni- 
cal data on Stromberg- . 
Carlson Key Switches it 
send for our illustrated = 
Bulletin T-5002R. 


Sc 
S 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
Telecommunication Industrial Sales 
117 Carlson Road, Rochester 3, N. Y 


Electronic and communication products for 


home, industry and defense 
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mee Silicone Dielectrics 


Rotary Switches More Reliable 
With Silicone-Glass Laminates 
Combining unique dielectric and physi- 
cal properties, silicone-glass laminates 
can be used to improve the performance 
of electrical and electronic devices in- 
volving extreme heat or moisture. An 
unusually good illustration is provided 
by Shallcross Manufacturing Company, 
Collingdale, Pennsylvania. 











Shallcross’ new line of 24-position electrical 
Wi decks stamped 
from glass bonded with a 
Dow Corning silicone resin The heat- 
table silicone-glass decks keep terminals 
locked securely in place despite heat of 
oldering More important, the silicone 
hep cepadiictinte 05 thane, 100N, ¥ tid REPLACEMENT COSTS SLASHED 
deck rotary switcl res Feliabic OPETS- Increasing the reliability of magnetic conditionally guaranteed for a full year, 
as = a mat ors ~ a brakes and couplings by insulating them Baylor Elmagco brakes and couplings are 
ee ee on eee ee ree with silicone dielectrics has paid hand- 1 in < irilling to dissipate the tremen- 
some dividends to the Baylor Company, di energy developed while lowering drill 
Houston. Result: greater customer sat- tring Three years ago Baylor started 
isfaction plus improved maintenance- nsulating this equipment with Dow Corn- 
free performance for their product. ing cone insulation 
Ihe heat-stable silicone insulation so dras- 
Now Available—A Complete Guide ‘ically reduced Baylor's replacement costs 
To Silicone Dielectrics for Designers (Orne Oe one net aan Pere na 
+a ¥ - c coeued ne 2 er nit ab UA 
Here’s the most comprehensive guide f ng cone insulation. Coil replace 
to Dow Corning silicone insulating ma- ments dropped from 30% of total output 
terials ever published for electrical and | to a mere 0.55%, only one-fiftieth of the 
ng properties electronic design engineers. e e 
Low A well-illustrated 12-p L Sil Wt h h re designed ssipate 
+ wh t only pe cones as D ctric 5 elec erg S000 hp C tes are 
C V g climates : mate off e ce 1 higher. T cone ins 
prev d if y mech cal and d ec prop ype . cien espite temp 
oldering C any specific applicatio Ss that would quickly bur 
3. Good riac e V s 
it We Mien ‘teen ton i ae It covers the latest application data and 
stows eral properties of silicone rubbers, fluids, Send ont eh ge wa 
resins, varnishes, enamels plus compounds P 
The silicone-glass laminate used in these | fo; filling, sealing and molding. In addition, eats 





switches is “Phenolite G-7-830.” produced Silicone 


; aah tos Motioash Weleaaiend abe \es as Dielectrics” provides a handy | DOW CORNING CORPORATION - Dept 455 
anc sol DY ional uicaniZec ore 





reference to all the : ons 
( N th Las refe o all the Midland, Michigan 
ompany ational fabdricates the plates nani uses yf 
: : " popular use c Please send me 65 66 67 68 
maintaining a tolerance of +.005 inch in these silicone ma- 
the punched holes No. 66 terials for coating NAME a 
—— ——————a bonding, impregna- } TITLE 


Pressure-sensitive silicone tapes— that stick to See ting, sealing, en- 

wet or dry surfaces; form good bonds; have COMPANY 
y . g ; oe ores capsulating and 

high dielectric strengt epel moisture; are not 

ig ielectri g repe istu ; molding. To obtain | STREET 

affected by corrosive chemicals—are described 

in a new folder designed to help you choose the ee. . - your personal copy, | cyty ZONE STATE 


= Cit 


tape best suited to your application. No. 67 circle . . No. 68 


ATLANTA + BOSTON * CHICAGO + CLEVELAND * DALLAS * DETROIT * LOS ANGELES * NEW YORK * WASHINGTON, D.C. 


Canada: Dow Corning Silicones Ltd., Toronto; Great Britain: Midland Silicones Ltd., ndon; France: St. Gobain, Paris 
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LUBRIKIT... An assortment 








SMALL! COMPACT! 


with 


AAG AE 


Exceptionally smooth and silent, 
the Model E is widely used in 
high quality tape recorders, rec- 
ord changers, and complete 
motor assemblies in hi-fi units. 
It is also readily adaptable to 
many other applications, such 
as business machines, vending 
machines, advertising displays, 
juke boxes, etc. Mechanically 


and electrically symmetrical for 
minimum stray field radiation. 
A superior motor with the added 
advantage of GI’s mass-produc- 
tion economy. 
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outstanding power-to-weight ratio 





MODEL E 


4 Pole, Shaded Pole 
AC Induction 


Type Motor 
1/240 H. P 


~ 


—e 1818 DIA 


i> 


be Vee aw a alu 


a 








sie || 


— 6-32 NC-2 TH'D 
4-SCREWS 


Write Today For Quantity-Price Quotations! 


THE GENERAL INDUSTRIES co. 


DEPT. GL. 





* ELYRIA, OHIO 
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steel and other 
hard-to-work metals. The new organiza- 
tion will be well equipped to under- 
take the design and production of ad- 


made from. stainless 


vanced weapons systems and sub-sys- 
tems. 
Beckman Instruments, Inc.,  Rich- 


mond, Calif., recently received a $132.- 
000 contract from North American Avia- 
tion’s Rocketdyne Div. for high- 
accuracy analog computers designed to 
speed the 


two 


development of advanced 
The com- 
puters will enable Rocketdyne to “test 


run” new engines before they are built. 


rocket and missile engines. 


Fairchild Camera and Instrument Corp., 
Svosset, N. Y., has integrated its Re- 
connaissance Elec- 
Defense 


Systems and _ its 
into a 
Products Div., aimed at 


military products base. 


tronics divisions new 


broadening its 


Outstanding contributions to the prac- 
tical will be 
honored this year with the inauguration 


applications of plastics 
of the Bachner Award. sponsored by the 
Chicago Molded Products Corp., as a 
testimonial to the work of the five Bach- 
ner brothers who founded the company 
39 vears ago and to the many others 
who have contributed to the growth of 
the plastics industry. The award will 
consist of a plaque and $1000. 


Connecticut Telephone and Electric 
Corp. of Meriden, Conn., manufacturers 
of telephone and electronic equipment, 
has been acquired by National Pneuma- 
tic Co., Inc., Boston, Mass. 


The Formsprag Co. of Warren. Mich.. 
manufacturer of overrunning clutches. 
has obtained the exclusive sales rights 
United States to the 
Rawson clutch coupling manufactured 
by the O. S. Walker Co., Inc. of Wor- 
cester, Mass. 


throughout the 


Plans 


modern building to consolidate research 


were recently made for a 
and development operations at Federal 
Telecommunication Laboratories, Nutley. 
N. J. Scheduled for completion late this 
year, the two-story structure will pro- 
vide 100.000 sq ft of floor space for the 
engineering departments. The building 
will provide facilities for research in 
communications, over-the-horizon micro- 
wave radio, inertial navigation, radar 
and radio navigation. 


locate manu- 
facturing facilities in prime market 
areas, William Brand & Co., Inc., Wil- 
limantic, Conn., has organized a sub- 
sidiary, William Brand Wire and Cable 
Corp., located at 3030 Nebraska St., 
Santa Monica, Calif. The corporation 
will specialize in the manufacture of 
custom cables and cable assemblies for 


In a move to centrally 
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OIL HOLE 
COVERS 


Style R— No. 304 
Shoulder Drive 


Style G— No. 505 
Becded Drive 





Style GB — No. 527 
Ball Vaive 





Style L— Neo. 1204 
Brass Elbow (Threaded) 


GEAR CASE GAUGES 





Screw mounted, to set flush. 
Glass port is backed with white 
enameled reflector, to make oil 
level (in gear case or transmis- 
sion) readily visible, even in 
dim light. Style CW — No. 4032. 





OILERS 


Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 

ly observed 
through sight 
: glass in stem. 
Shut-off knob does not affect 
needle valve adjustment. Visi- 
ble oil suppiy. Non-breakable. 
Tops in convenience and de- 
pendability, at low cost. Style 
NFU—No. 3602-A. 


SIGHT GAUGES 

For use where rate of 

oil flow must be reg- 

ulated to suit changing 

operating conditions. 
Needle 

m@vda lve 


| permits 
‘extremely 
accurate 
adjustment 
of oil feed. 
Sight glass provides 
direct observation of 
rate of oil flow. Accu- 
racy and convenience 


at a moderate price. 
Style PF—No. 4290. 






LUBRIKIT ... An assortment 
of 95 oil cuvs of 29 different 
types. Gits sales records 
show these oilers are most 
used for replacement and 
maintenance. Contents of 
each separate bin are 
clearly described on Inside "sy, 

Cover. 

Special Introductory Price 

just $1425 F.0.B. Factory oe 
Satisfaction or your money back =~ 
~ 


re 


‘ 2) = 
hog SS... eer d ~ 
4 Po ee 


wy. eS 4 
ne rn a b 
Py 


. 


GEAR 
CASE 
GAUGES 





This oil gauge plug permits in- 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 
insertion in tapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 
Style BW—No. 4042. 













Don't price yourself out of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 


GiITs BROS. MFG. (Co. 
The Standard For Industry For Almost Half A Century 


1840 South Kilbourn Avenue 
Chicago 23, Illinois 


Clip this page for handy “rough reference” 
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New HIGH POWER 60 AND 400 CPS TRANSI-MAES 


STANDARD LINE OF FAST RESPONSE 


TRANSISTOR MAGNE TTC 
AMPLIFIER 


FOR SERVO MOTOR CONTROL 


For driving AC servo motors in 
industrial and military servo sys- 
tems which require hi-power, 
fast response and (static) high 
reliability. 


A COMPLETE SERVO AMPLIFIER 
DRIVE SYSTEM IN A SINGLE 
PACKAGE 
TEMPERATURE STABILIZED 
FAST RESPONSE 

HIGH GAIN 
INSTANTANEOUS START 
SMALL STANDBY POWER 

RUGGED 
HIGH RELIABILITY 
QUADRATURE REJECTION 

SERVO MOTOR COMPATIBILITY 


60 CPS TRANSI-MAG 


60 CPS PERFORMANCE SPECIFICATIONS Tree arcs Write For Bulletin $890, 











MODEL AC INPUT] TMA-1501 | TMA-155) | 1MA-1571 | TMA-1601 | TMA-1701 | TMA-1801 | TMA-1901 | 
DC INPUT] TMA-1511 | TMA-1561 | TMA-158) | TMA-1611 | TMA-I711 | TMA-1811 | TMA-I9I1 | 
| i 
a | 9 100 175 650 1900 2800 | 
OUTPUT WATTS | 
Bsasebl Iannone | Serenata eee | 
TYPICAL SERVO | Diehl Dieht Dieh Dieh! Dieh Dieh Diehl 
MOTOR LOAD | | FPF49-12-1 | FPF66-11-1 | FPF8S-18-1| 2P105-2212-1 
| | 


FPF 49-9 


1° 143-2247-1| 2P162-2207-1 
puede a 


| | | 





SENSITIVITY | AC. Input - 03 volts AC for tull power output 
| DC Input —0 15 vo ts OC for full power output Ss 
RESPONSE | 05 seconds 
eal ————E — ——_$—$$ 
AMBIENT - 55°C. to + 71°C 
MAGNETIC AMPLIFIERS INC. 
632 TINTON AVENUE © NEW YORK 55, N.Y. © CYPRESS 2-6610 
West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. © OREGON 8-2665 
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missile, aircraft and other electronic 
applications. 


Plans for a new 50,000-sq ft labor- 
atory and administrative headquarters 
building for its Mountain View Labor- 
atories were recently completed by 
Sylvania Electric Products Inc., New 
York, N. Y. Construction will be com- 
pleted in the latter part of this year. 
The facility will house the administra- 
tive headquarters of the laboratory 
complex as well as the Reconnaissance 
Systems Laboratory. and will handle 
the increased work of the Electron 
Defense Laboratory. 


Elgin National Watch Co.’s Micronics 
Division will. on September 1, occups 
a new 60.000 sq ft headquarters and 
ombination development - production 
plant to be leased in the Northwest 
suburban area of Chicago. The division 
specializes in development and custom 
production of precision components 
chiefly involving guided missiles, auto- 
matic aircraft control systems and tim- 


ing instruments. 


Polymer Chemicals Div., one of W. R. 
Grace & Co.’s newest chemical divisions. 
recently dedicated a 50 million pound 
high density polyethylene plant repre- 
senting an investment 1 more than 


$20 million. 


The Watkins-Johnson Co., Palo Alto 
Calif.. has been formed to deal 
search development ind manutacture 
of electron devices. The firm will spe- 
cialize in microwave tubes. President is 
Dr. Dean A. Watkins. director of the 
Electron Tube Laboratory of Stanford’s 


Electronics Laborator 


The expanded and diversified chemi- 
cal business of The Borden Co. has been 
given a new name: The Borden Chemical 
Co., Division of The Borden Co. It 


, 
merly was known as The Borden Co. 


Tor- 


Chemical Division. Borden's products 
include polyvinyl chloride and other 
resins and plastics. Its adhesives formu- 
lations find applications in most key 
industries. 


Technion Design G Mfg. Co., Inc., 
262-72 Mott St.. New York 12, N. Y., 
has changed its name to Duramic 
Products, Inc. The change of name is in 
keeping with the expanded program 
of the company in special ceramic and 
plastic products. 


\ licensing agreement was completed 
between U. S. Polymeric Chemicals, Inc., 
of Stamford, Conn., and Santa Ana, 
Calif.. and American Reinforced Plastics 
of Los Angeles, Calif.. covering pre- 
pregs prepared from resins in the Hi- 
Heat field, including 91-LD and 37-9X. 


As a result, U. S. Polymeric becomes 
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Good motors are better with 
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CDF Micabond insulation 


Making or specifying motors or generators? Regardless 
of the size and type, they'll run better, last longer with 
genuine CDF Micabond insulating components. 


Classes H and B. Micabond is produced in various 
grades to meet heat requirements of Class H and 
Class B insulation. Commutator “V” rings, bushings, 
segments, slot liners, and many other insulating parts 
of a motor are natural applications for this superior 
basic material. Certain Micabond grades are readily 
formed and fabricated into standard or special parts— 
by you or by CDF. 


Complete mica line. CDF offers the designer a com- 
plete line of quality mica products, from unfabricated 
sheets, tubes, and flexible tapes to large or small V-rings, 
segments, and fabricated parts. For wrapping applica- 
tions, combinations of Micabond and “‘Mylar’’ polyester 
film, Micabond and glass-fabric, and other combinations 
are readily available in flexible sheet and tape form. 





Fabrication facilities. CDF has the facilities and 
know-how for turning out finished Micabond insulating 
parts—better and more economically than you can do it 
yourself. We meet your specifications and your pro- 
duction schedules, and save you time and money. 


Send us your print or your problem; we’ll return perti- 
nent technical literature and recommendations. For the 
phone number of the CDF sales engineer nearest you, 
see Sweet’s, Electronics Buyers’ Guide, and the other 
directories. 


CDF makes Di-Clad* printed-circ 





, CONTINENTAL-DIAMOND FIBRE 


7 A SUBSIDIARY OF THE Pahl COMPANY « NEWARK 13, DEL. 
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NEW 
sub-miniature 
Series 100 
laminated 
Phenolic 
Switches 


ACTUAL SIZE 





3X MAGNIFICATION 


Switch 


This high quality, economical sub- 
miniature rotary switch provides up to 
20 insulated heavy duty clips on each 
section. These contact combinations 
are available plus any intermediate ar- 
rangement to meet your requirements: 

1 Pole-12 Pos. 3 Pole-4 Pos. 

2 Pole- 6 Pos. 4 Pole-3 Pos 
Laminated type PBE (MIL-P-3115 
phenolic construction makes these 
Series 100 switches suitable for high 
reliability commercial use, as well as 
many military applications. 

@ RATING: Make and break, resistance load, 

0.5 amp, 6 VDC, 100 ma, 110 VAC. 

Current carrying capacity 5 amp. 

VIBRATION: Meets MIL-S-3786 

INSULATION: Meets MIL-S-3786 

CONTACT RESISTANCE: Meets MIL-S-3786 

SECTIONS: }4” thick, back-to-back insu- 

lated clips; up to 4 sections on a 2” deep 

switch; 1 pole-12 position (continuous 
rotation) through 4 pole-3 position. 

@ SECTIONS: '*” thick, no back-to-back in- 
sulated clips; up to 6 sections on a 2” 
deep switch; 1 pole-11 positions (contin- 
uous rotation). 

@ MOUNTING: Bushing *%«” 32 NEF 2A Thd 
4” dia., shaft length optional. Bushing 
4%” 32 NEF 2A Thd. '%” dia., shaft 
length (2” max.). 

For detailed specifications write for 

Centralab Engineering Bulletin EP-529. 


tn A DIVISION OF GLOBE-UNION, INC 
; 962EE KEEFE AVE. «© MILWAUKEE 1, WIS 


In Canada: 804 Mt. Pleasant Rd. © Toronto, Ontario 


VARIABLE RESISTORS ©® PACKAGED ELECTRONIC CIRCUITS © ELECTRONIC SWITCHES 
CERAMIC CAPACITORS e ENGINEERED CERAMICS @ SEMI-CONDUCTOR PRODUCTS 
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thre sole processor and sales outlet of 
these products in the eastern U.S. The 
resin prepregs involved are important 
in missile applications 


\ new corporation has been formed 
with annual sales in excess of $200 
million. Named Engelhard Industries, 
Inc., it was formed by a consolidation 
of nine American companies in the 
precious metals and precision manufac 
turing fields, some of them over 50 
vears old. Three other domestic com 
panies and twelve foreign corporations 
also are controlled by the same in- 
terests 


A. W. Haydon has started a new en- 
terprise known as Haydon Instrument 
Co., 156 W. Liberty St.. Waterbury 20. 
Conn., to design and manufacture new 
proprietary electro-mechanical devices 
Items now under development include 
high-speed numeral counters and 


printed circuit motors 


Assembly Products, Inc., Chesterland 
Ohio, has added a complementary line 
of instruments and controls through 
acquisition of Metronix, Inc., an elec- 
tronics firm of Waterford. Conn. Metro 
nix manufactures electronic laboratory 
instrumentation and — panel-mounted 
electronic voltmeters 


Bound Brook Oil-Less Bearing Co. «i 
Round Brook, N. J.. will build an ultra- 
modern powder metallurgy fabricating 
plant at Sturgis, Mich. The million 
dollar plant will be geared to high- 
volume production of sintered bearings 
and parts, and will use various fabricat- 
ing methods developed by Bound Brook 
engineers. Construction will be com- 
pleted later this vear 


Corning Glass Works, Corning. N. Y.. 
will build a new plant at Bradford, Pa.. 
for the manufacture of electronic com 
ponents. The plant will employ ap 
proximately 450 people, all of whom 
will be transferred from facilities now 
leased in Bradford 


Notice to cease infringement of his 
rights under patent number 2.624.786 
was sent recently to leading manufac- 
turers of digital computers and data 
processing systems by John T. Potter, 
president of the Potter Instrument Co., 
Inc., of Plainview. N. Y. The patent. 
held by Mr. Potter since 1953. will 
affect the manufacture of approxi- 
mately $100 million worth of appa- 
ratus produced by these major manu- 
facturers. 


Precision Instrument Co., 922 Ter- 
minal Way, San Carlos, Calif.. is a 
newly-organized company engaged in 
the development, engineering and 
manufacturing of instrumentation mag- 
netic tape recorders. 
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Phase Shift Compensation Eliminated 
In New HELIPOT’ Precision Potentiometers 


SPECIAL D-H ALLOYS MAKE 
AIR-CORE WINDINGS PRACTICAL! 


Helipot’s purpose in designing its new, air-core wound series 7700 
Potentiometers was to make possible operation at higher frequencies 
with 0° phase shift—thereby eliminating compensation circuitry 

In nearly all multi-turn potentiometers, resistance wire is wound 
on an insulated copper-wire mandrel. This type of mandrel is used 
because it has uniform diameter, good heat conductivity and high 
thermal capacity. However, a disadvantage of such construction is the 
relatively large distributed capacitance between the resistance wind- 
ing and the mandrel. When such a potentiometer is used as an AC 
voltage divider, the output generally differs in phase and magnitude 
from the desired output. This interferes with the effective use of high 
accuracy potentiometers unless compensation is applied somewhere 
in the circuit. 

Helipot engineers desired to eliminate these problems by eliminat- 
ing the copper-wire mandrel. But the elimination of the mandrel also 


HARRISON, NEW JERSEY ~ srancn 


AMPBELL, INC., Los Angeles, 





MAY 1958 


eliminated the support for the winding. Needed, therefore, was a type 
of wire that would make a self-supporting air-core winding. 

At Helipot’s request, Driver-Harris went to work with these speci- 
fications: The wire must be of dependable uniform hardness so that 
in stretching it, equal spacing between turns is obtained, free of creep. 
This is essential to linearity. The wire also must be of unvarying di- 
ameter for uniform resistance. And its surface must be extremely 
clean—free of oxide coating to minimize contact “noise”. 

Driver-Harris produced the wire—a special hard-drawn form of 
Karma* and Nichrome* V. And Helipot produced its new 10-turn 
series 7700 potentiometers in a resistance range from 200 to 5000 
ohms. With this radically new air-core winding, linearity approaches 
the resolution of the unit without resort to padding or shunting. And 
phase shift in AC circuitry is reduced to less than 0.1°. 

Since 1899, Driver-Harris has produced 132 special-purpose alloys 
in just this fashion—in answer to a particular problem and extraor- 
dinary specifications. If your own engineering and product develop- 
ment plans currently hinge upon a special alloy—why not bring your 
problem to Driver-Harris. Your inquiry is invited. 


*T.M. REG. U.S. PAT. OFF. 


Driver-Harris Company 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES, 
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4 Ounce 

Contact Force 
Makes Relays 
More Reliable 


Contact force of 4 ounces per 


contact on 50 “*G”’ , 


models and 2 
ounces per contact on 30 ‘‘G”’ 
models of “‘Diamond H” Series R 
and Series S miniature, hermeti- 
cally sealed, aircraft type relays is 
one of the most important factors 
in their proven high reliability. 
Though absolute reliability of 
any similar device is impossible to 
a bitter fact of life 
recognized by all electronic engi- 


guarantee 
neers—close approach to this goal 
by the relays manufactured by 
The Hart Manufacturing Com- 
pany is the basic reason they are 
found today on many of this coun- 
try’s headline-making missiles. 

In addition to contact force far 
beyond that found on other relays, 
“Diamond H” relays have greater 
contact cleanliness. Self-contami- 
nation is virtually eliminated by a 
completely inorganic switch 
mechanism, as well as use of coil 
materials which will not dust, flake 
or out-gas. 

Finally, the high degree of re- 
liability that is designed into these 
relays is maintained in their man- 
ufacture by high quality workman- 
ship and a stringent inspection 
policy at every stage. 

In addition to missiles, and their 
ground control systems, Series R 
and S relays are designed for use 
in jet engine controls, computers, 
fire control, radar and similar 
critical applications. 

4PDT units, they offer an ex- 
tremely broad range of perform- 
ance characteristics, including 
temperature ranges from --65° C 
to 125° and 200° C.; ratings to 10 
Au 320. ¥.. A; ©... and 363s: V.. 
D. C., with special ratings to 400 
ma. at 350 V., D. C 
millivolts and milliamperes. Dry 


, or down to 


and wet circuits may be safely 
inter-mixed. 

For more information, write 
today for Bulletins R250 and 
$260. For quick facts about 
**Diamond H’”’ switches, ther- 
mostats and other devices, ask 
also for a copy of the ‘“‘Diamond 
H’’ Check List of Reliable 
Controls. 


THE 
H A RT MANUFACTURING 
COMPANY 
211 Bartholomew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 
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Abstract and Comment 





Human Engineering in England 


Under the title, “The Design of Equip- 
ment for Human Use.” a three-day 
symposium was held last year (March 
England, under 
sponsorship of the Applied Psychology 
Research Unit of the Medical Research 
Unit of the Medical Research Council. 
Representatives were present from the 
military service, the Ministry of Supply 
and other government 


26-28) in Cambridge, 


organizations, 
universities and from industry. Sessions 
were concerned with the military and 
industrial aspects of work design, on 
the use and abuse of simulators, on 
equipment 
maintenance and on automatic data 


design and training for 
analysis in human research. 

The sessions on work design were of 
particular interest to equipment de- 
signers. Based on a report by Dr. E. C. 
Poulton, a member of the APRU staff, 
here are summaries of the papers pre- 
sented: 

Dr. C. H. Baker, Canadian Defer 
Research Board (at the time attached 
to APRU) re-affirmed the position that 
in designing any man-machine system, 





relatively large gains could be made by 
attending to the human aspects (dis- 
plays and controls) of the system 
There was a limit to the accuracy of 
i man-machine system that could be 
achieved by improving the machine it- 
self without consideration of the opera- 
tor. Optimum display and control tech- 
niques could be experimentally deter- 
mined for either military or industrial 
man-machine systems. Such experimen- 
tation should be done before there was 
a commitment to any final design, for 
once there is a poor design. it might be 
ilmost impossible to introduce improve- 
ments, 

Dr. N. H. Mackworth. director of 
APRU, said that the designer ought to 
decide what information the operator 
really needed. He should not necessari 
ly attempt to squeeze into his displavs 
the greatest amount of information 
which the electronics system would al- 
low. The designer had also to decide 
how to present the information. Impor- 
tant information should be emphasized, 
as this could make a considerable dif- 
ference in the operator's performance. 
The — full automatic 
analysis, as opposed to automatic rec- 


advantages of 


ording, could be achieved in military 
and industrial situations only when the 
most suitable ways of presenting vast 


masses ot data had been dist ove red 
This would seem to apply both to the 


actual situations, and also to the ex- 


perimental evidence coming out of 
elaborate investigations of highly com- 
plex man-machine systems. Most of the 
work design principles discussed had 
been derived from basic experiments 
conducted in the laboratory. and some 
of these had been validated in the sub- 
sequent experiments in the field. 
Some of the advisory work carried 
out by the Psychological Research Lab- 
oratory, Electric & Musical Industries, 
Ltd. was described by B. Shackel 
Some basic principles were reviewed 


1. Number 


scales should increase clockwise, even 


circular 


sequences m 


when the scale itself moved. 
should be de- 


signed to suit local convention. In Eng- 


2. Toggle switches 


land “down” means “on.” whereas in 


the U.S.A. (and in aircraft) “up” 
means “on.” 
should be 


3. Equipment 


designed 
around the basic body dimensions of 
human operators 

4. Panel layout should be approached 
systematically, first listing the operat- 
ing sequence, etc., and then positioning 
components to follow the sequence 
Thus on the dashboard of a car the 
order should be: ignition. choke, starter 

It was emphasized by Mr. Shackel 


that in England there were very 





people advising engineers on the hu- 
man factor aspects of their designs 
whereas in the United States there were 
many, and the demand was greater than 


the supply. A 


tor” was necessary in designing com- 


“counsel for the opera- 
plex equipments, because engineers and 
draftsmen had other pre-occupations 
Also they were so familiar with their 
equipments, that they might not realize 
the difficulties which the equipments 
presented to outside operators. The en- 
needed to be 
only a part-time member of the team. 


gineering psychologist 


although if possible he should be “on 
the spot.” He should be consulted in 
the very early stages of de velopment 

A method of evaluating the relative 
difficulty of operating two possible de- 
signs for an equipment, when both de- 
signs could be operated without error. 
was described by Dr. E. C. Poulton. It 
was important to choose the easier de- 
sign if the equipment was to be used 
under conditions of stress. or by an 
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Fundamental 
Characteristics 


emphasized in 
design details 
with 
MADISON-KIPP 
Zinc and aluminum 
die castings 


The carry-through designer permits no unworthy 


detail to mar his fundamental design effect. 
Look at the *AB handle here illustrated 


The Kipp die casting faithfully protects the 


product designer’s emphasis on superior quality 


and last word engineering features. 


The attentive mechanics at Madison-Kipp 
invite you to clip this ad as a reminder to contact 
them for close cooperation on the 
momentous details of design, when you 


next have die casting requirements. 





MADISON-KIPP CORPORATION 


214 Waubesa Street . Madison 10, Wisconsin 
Skilled in Die Casting Mechanics « Experienced in Lubrication Engineering 


Originators of Really High Speed Air Tools 
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| “Electrical 


operator who had additional responsi- 
bilities. An additional subsidiary task 
was presented with each design, and 
the operator had to perform this addi- 
tional task when he could. The relative 
incidence of errors on the additional 
task showed which design was better 
for the operator. The additional task 
had to be presented by another sense 
modality; if the equipments contained 
dials to watch, the subsidiary task could 
be auditory. Also the additional task 
had to be sufficiently different from the 
main task not to produce associative 
interference. 


The place of automatic data process- 


ing in human research was discussed 
at the closing session by Dr. J. A. Leon- 
ard of the APRU staff. He said that 
fully automatic data processing would 
not be possible for most studies at pre- 
sent. It would be highly desirable to 
accelerate the development of methods 
of transforming currently produced 
types of records so as to make them 
easier for human or possibly machine 
processing, or for both. It would also be 
useful to be able to produce two records 
simultaneously, one for the experimen- 
look at, feed 


directly into a computer. 


ter to and the other to 





Association Activities 





American Society for Metals’ 

First Southwestern Metal Show 

Designed specifically to fit metalwork- 
ing industry needs and interests of the 
Southwest and South is the technical 


program and scope of the American 
Society for Metals’ first Southwestern 


Metal Exposition and Congress, May 
12 through 16, at Dallas, Tex. Em- 
phasis will be on aircraft materials, 
techniques, high-tempera- 
ture steels and alloys and metals prob- 
lems in the petroleum and chemical 
industries. 


fabrication 


There are 29 scientific presentations 
scheduled, including a major paper 
sponsored by Texas chapters of the 
Metal Treating Institute. In addition, 
the Society for Non-Destructive Test- 
ing is presenting a four-day technical 
program and local and regional chap- 
ters of national engineering societies 
are being invited to participate in both. 

The 250 exhibitors in the show por- 
tion of the gathering will present dis- 
plays of particular interest to the 
Southwest and South, where metalwork- 
ing industry growth in the past 12 years 
has been spectacular. 


1958 AIEE Appliance 

Technical Conference 

The 1958 Appliance Technical Confer- 
ence sponsored by the Sub-Committee 
on Domestic Appliances of the AIEE 
Domestic and Commercial Applications 
Committee is expected to report a rec- 
ord-breaking attendance at the meeting 
scheduled for the Morrison Hotel, Chi- 
cago, Ill., May 26-27. 

Program highlights will range from 
“Problems of Grounding,” “Electrified 
Air Filters,” “Water and Appliances,” 
Controls for Gas Appli- 


ances” and “Standardization of Pre- 
Shipment Testing” to a complete session 
on “Noise Control of Domestic Appli 
ances.” A late addition is a paper based 
on the increase in maximum allowable 
motor temperatures permitted by Un 
derwriters’ motor 
repair shop survey. This paper will take 
up the problem of thermal protection 
for appliance motors used in 1958 and 
later years. 

G. E. Schall, Jr., 


Laboratories, Inc., 


Laboratories and a 


with Underwriters 
is chairman of the 
Domestic and Commercial Applications 
Committee. D. C. The 
Hoover Co. is Sub 


Krammes of 
chairman of the 
Committee on Domestic Appliances. 
Harold Bunte, Commonwealth Edison 
Co., is chairman of the Chicago local 
committee for the conference. 
Appliance engineers or management 
men requiring additional information 
should write direct to D. C. Krammes, 
The Hoover Co., No. Canton, Ohio. or 
to Harold Bunte. Commonwealth Edison 
Co., 72 W. Adams St., Chicago 90, III. 


New Industry Section 
Organized Within NEMA 


Officers were recently elected by a new 
industry group within NEMA —the 
Electrical Contacts Section — formed 
by the producers of electrical contacts. 

The elected officers are: chairman, J. 
Ottmar, vice president Metals & Con- 
trols Corp.; and vice chairman, C. S. 
Braiain, managing partner C. S. Brainin 
Co. 

In addition to the Metals & Controls 
Corp. and C. S. Brainin Co., the Sec- 
tion’s members include Deringer Metal- 
lurgical Corp., Gibson Electric Co. and 
Stackpole Carbon Co. 
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Grain-Oriented”’ 


RECTIFIERS 


' GRAIN-ORIENTED SELENIUM 


ORDINARY SELENIUM 


Vew 48-page Bulletin 3116-1 


Grain-Oriented selenium rectifiers. Includes con- TI ] 
: e result: 
struction details, charts, photographs, performance le Fesult. 
per, 
characteristics, dimensions, 


suggested applications and 


other 


send your re quest on letter- 


head. 


— 








rives complete information on new Vickers 


ICKERS. 


These new 


Lower Cost 
per Watt Output 


a new type of selenium for... 


Higher Current Ratings 


without overloading 


ectifiers by Vickers represent a 
major “break-through” in selenium rectifier 
development. Using special equipment and 


quality control processes, Vickers engineers 


have developed a polycrystalline selenium layer 


with grains 


helpful data. Please 





ne — ol 18 to 30 volts. 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


LECTRIC PRODUCTS 


i803 LOCUST STREET « SAINT LOU 
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more working crystals, 


new 


per square inch of cell area. 


DIVISION 


3, MISSOURI 


oriented, rather than the random 
pattern found in conventional selenium layers. 
greater 
uniformity and better rectifying performance 


This improved rectifier provides increase in 
current ratings without increase in cell size, 
gives more watts of output per dollar invested. 
You save both on initial cost and operating 
cost with the Vickers Grain- Oriented 


selenium rectifiers— available in cell ratings 
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Since the basic relay and its 


many contact forms, ratings, 
R rp M and terminal variations are reg- 


ular production items at RBM, 


AC OR DC design bottlenecks can be shat- 


tered. RBM has ‘‘CUSTOMER- 


GENERAL ized” these relays to fulfill al- 


most every conceivable require- 


PURPOSE ment. This vast background of 


RBM application engineering can 
98000 serve you with design shortcuts 
SERIES RELAY ... lower your “finished prod- 
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uct”’ cost. Ask your RBM prod- 
uct application engineer. 


RBMS VERSATILITY PERMITS ENGINEERING SHORT-CUTS 
THAT LOWER YOUR'FINISHED PRopUuCT CosT! 







OTHER FEATURES G87O0AC | 786000C 


MANY ARE 
LISTED BY U/. 


FILE NOS. & 12/39 OR E2238/ 





© MAX. CO/L VOLTAGE 





PRESSFIT PILE-UP @ MAX.COIL RES. 20000 
ELIMINATES DRIFT; /N OHMS 
paeaconaitncsogatll © MAX.CO/L WATTS |9.0¥A INRuSH 
STABILITY 40w 
OR VOLT AMPS. 6.5 VA.SEALED 
a eiaiee aittereae * “Zz © MAX. CONTACT FORM | 4 por 15 amps| 200T /Z AMPS. 
FOR LOW VOLTAGE AND/oR WITH RATED CURRENT | 4 por ¢ amps,| 4P0T GAMPS. 


(NON-INDUCTIVE LOAD) 

SIMPLIFIED MAGNET 

FRAME AND ARMATURE 
ASSEMBLY PROV/DES 
EFFICIENT, POSITIVE 


® APPROX. WEIGHT 4/ OZ. 4./ 02, 





ACTION ALSO AVAILABLE IN 97000 SERIES 
PROVIDING ADBITIONAL COIL 
VARIETY OF POWER... GREATER SENSITIVITY 


MOUNTINGS AVAILABLE 





Consult Your Local RBM Product Application Engineer or Write For Bulletin 1060 


RBM Division 


®|% 
Sy ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
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Calendar of Meetings 


May 1-8 —ASTE 26th Annual Meet 
g ar Po “I Philadelphia 


la lel phi i, Pa 


May 5-7 ; N mal S I 
of t Professional Grouy 
Ml Theor ind Tecl ] 


May 19-23-—International Conve 
tion on Microwave Tubes, sponsored 


May 26-27— Ninth Annual Apy 
ance Te ni Conference. M 


Hotel, Chicago, ] 


May 27-28—Second EIA Confer 
ence on Maintainability of Electror 


Wisconsin Section of AIEE 
Brings Total to 112 
The Fox River Valley Nr 


Milwaukee “ection of the 


ibsection of the 


AIEE has 


een officially recognized as the North- 

stern Wisconsin Section. The newlvy- 

eated section is the 112th such divi- 
f the AIEF 

Chairman is Edward F. Woytych, su- 


rvisor of production control, G. & L. 
{1 Hvdro Div.. Gidding & Lewis Ma- 


Pool Co.. Fond du Lae. 


AIEE Great Lakes District Meeting 
Schedules Session on Electrochemistry, 
Electronics, Computers 

Phe latest developments in electrochem- 
stry, electronics and computers will be 
1ired at two sessions during the Great 
Lakes District Meeting of the AIEE. 
The meeting will be held May 5-7 at the 
Kellogg Center for Continuing Educa- 





Hotel N 
June 9-13--Fourt Interr 
Aut atlor ositior 1 Ce 
Nev York Coliseum, N 7: 


June 9-13-——-Fourth Annual Aut 


~ 


June 25-27—Air Trar 


tne \ Trans] rtation ts 


IEE, Statler Hotel, Buffa 


N. ¥ 


Aug. 6-8—1958 Special 7 


Confers 


| Magnetic Amplifiers, Hotel Stat 


Los Angeles, Calif 
Aug. 13-15—Conference } 


Stal irds ana M 4s 
y AIEE and IRI 


Aug. 19-22 Western | 





They can be your design assistants 
on other Essex Engineered Products. 


Wire and Cable Div., Ft. Wayne, Ind. 


ET TOT ET er Eee 


( E ; Lk 
Par P \ 
i 4 Calif 
I t Mi y 3 { 
a Cords Limited Division, DeKalb, 
ie t t ne I - 
=f “ons will De he € “ 
Tuesday, Mav 6 at 9 a.m. 
Resistance Welder Manufacturers’ 
Association Prize Paper Contest 
The Resistance Welder Mar urers 
Association is sponsoring a $2000 Priz 
Paper Contest open to anyo i! f 
United States its possessions, i 
( inada. 
Prizes will be awarded to winning 
papers in Special Projection Welding 
or General Resistance Welding é 
gories. The contest closes September 
15, 1958. Applications should 
ceived by July 1, 1958 
For a copy of the contest rule nd wine 
author’s application form, write to the 


Resistance Welder Manufacturers’ 


sociation, 1900 Arch St.. 
3, FS 


| 1: 
Philade Iphia 


SN IB ott op 


WIRE CORPORATION 


As. 
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Control Panei Layout 
to JIC Standards 


(Continued trom page 128) 





to 


Will the door close? (Will door-mounted de- 

vices interfere with panel-mounted devices? ) 

3. Is the disconnect handle too high off the 
floor? 

1. Is the disconnect located opposite the hinged 
side of the door? 

5; Are pilot 

meters, etc.. 


devices, such as pushbuttons, 

which are mounted in the cover 
or side of the enclosure, accessible and visible 
to the machine operator ? 

6. For JIC panels, do  door- 

mounted devices interfere with the print 

pocket ? 

Is the panel to be mounted adjacent to an- 

other piece of apparatus so that the door 

cannot swing’ (If so, inset door construction 


specification 


is necessary !. 
&. If devices are mounted in the side of the en- 
closure, are they in such a position that the 
door cannot open completely ? 
Has space been provided on the base plate for 


panel mounting studs? 


Qg, 


(For four-corner 
mounting, a 1!5-in, square should be allowed 
for each stud. } 

10. Have heat generating devices been located 
too close to heat sensing devices, such as 
resistors below thermal overloads? 

11. Have manually adjustable devices, such as 
timers, been located as far as practical from 
power devices? 

12. Has the position of conduit entrances been 
considered ? C 


IN TE A TON RIE ESE AEA EAE EA AR RI RT 


R-F Permeameter Techniques 
for Testing Ferrite Cores 


(Continued from page 9 





Steps 3, 4 and 5; Data furnish information from one 
half of the d-c hysteresis loop. It is assumed that data 
from the other half may be derived from this informa- 
tion. 

Before r-f permeameter impedance measurements of a 
sample proceed, the primary is cycled = 60 amp five 
times in order to start it in the same magnetic state each 
time. 

The equations of reversible permeability (,’,) and 
dissipation factor (tan 6,) are identical in form to those 
given for initial permeability (#’) and dissipation factor 
(tan 8’). 

The accuracy and precision of measurements of re- 
versible permeability as a function of d-c field are approxi- 
mately the same as those made with the r-f permeameter. 
However, results obviously depend upon the accuracy 
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with which the d-c biasing field is determined (especially 
for those materials that change rapidly as a function of 
d-c field) and upon the concentricity of the test toroid 
relative to the center conductor. The biasing fields cali- 
brated at the National Bureau of Standards have an 
accuracy of 1 per cent and are represented by the aver- 
age field within a toroid with a given d-c current. In this 
instrument also, measurements of complex permeability 
changes are about as precise as the maximum (Q read 
from the Q meter or the null determined from a bridge. 

Also of interest is reversible permeability as a func- 
tion of a d-c biasing field perpendicular to the applied 
r-f field. Instrumentation to measure this is under con- 
sideration. 


Cited References 


1. For further technical details, see “Advances in the Design and 
Application of the Radio-Frequency Permeameter,” by A. L. 
Rasmussen, A. W. Enfield and A. E. Hess, J. Research NBS 56, 
261 (1956) RP 2673; also “A Radio-Frequency Permeameter,” 
by Peter H. Haas, J. Research NBS 51, 221 (1953) RP 2454 

2.“High-Frequency Calibration of Magnetic Materials,” NBS Tech 
News Bul. 36. 158 (Oct. 1952). 


Design and Selection of 
Miniature Sliding Contacts 


(Continued from page 147) 





problem that can be met in various ways. The arms can 
be adjusted in the holder, using a jig for positioning with 
contacts pre-assembled to the arms. This has the advan- 
tage of leading to a standard contact and arm subassem- 
bly. which can be made on a production run without 
close positioning requirements, as the arms can be cut to 
the required lengths at the time of assembly to the hold- 
ers. The alternative is to pre-assemble the arms to the 
holders and then position the contacts while attaching 
them to the arms, using a positioning fixture. This latter 
method includes the use of plastics holders with arms 
molded in position, which can be used when quantity 
of production will justify the mold costs. The advantage 
of pre-assembling the arm and holder are that expensive 
handling and processing of the arms on a one-at-a-time 
basis are eliminated. When quantity of production war- 
rants the design, a further extension of the pre-assembly 
principle can be employed; that is, by the use of molded 
holders and arms with contacts molded in position. This 
approach has the advantage that individual handling 
and positioning is completely eliminated. Uniformity de- 
pends entirely upon the accuracy of the molds. 

It is sometimes necessary to attach more than one con- 
tact to an arm, as in some of the designs shown in Fig. 1. 
If the attachment is done by soldering, the problem of 
initially soldered joints loosening by subsequent applica- 
tion of heat for attaching the next contact can be allevi- 
ated by the use of heat-dissipating clamps, where possi- 
ble, or by the use of solders having different melting 
points. 

The use of multiple contacts in parallel has many ad- 
vantages. Reliability is increased since each contact of a 
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General Cable reports . . 





PROPERTIES OF “MYLAR” 
““Mylar’’ 


offers a unique combi 


ay hel; 


nation of properties that m 
you 
lower costs of 
are two of the many 
properties for evaluation. 


and 
Here 


important 


improve performance 


your produc t 





HIGH TENSILE STRENGTH. “Mylar 
is strong and durable. Instron Tester shows 
in average strength of 20,000 psi. It’s 


jimensionally stable .. . resists moisture 





HIGH'DIELECTRIC STRENGTH. Aver- 
age of 4,000 volts per mil average power 
factor of 0.003 to 60 cycles dielectri« 


constant above 3.0 at 72°F., 1 000 cycles. 


New shielding assembly with Du Pont Mylar 
limits oil drainage ...restricts moisture pickup 


PROBLEM: ‘T'o provide an outer shielding 
assembly on General Cable’s high-volt- 
age, high-pressure pipe-type cable. The 
resist oil drainage dur- 
ing shipment and storage as well as re- 
strict -moisture pickup during 
installation. 


SOLUTION: After extensive tests on vari- 
ous materials, General Cable Corporation 
adopted two new tapes for the outer 
shielding assembly one tape was 
*‘Mylar’’* polyester film; and the other, 


assembly had to 


surface 


ALI NANT 
NU PUN 


BETTER THINGS FOR BETTER LIVING 


THROUGH CHEMISTRY 


DU PONT 


MYLAR 


POLYESTER FILM 





a “‘Mylar’”’ 


RESULTS: General Cable tests showed that 
““Mylar’’ provided a tight, yet flexible 
assembly and effectively reduced oil 
drainage. The high tensile strength and 
other excellent physical properties of 
‘““Mylar’’ permit its application to the 
cable under high tension. ‘‘Mylar’’ re- 
stricts surface-moisture pickup when the 
cable is exposed to air during installation 
“‘Mylar’”’ is not affected by the insulating 
oils .. . has no plasticizer . . . will not 


foil lamination. 


*“MYLAR” is Du Pont’s registered trademark for 


E. I. 


Application 


Name 


Address 
City 


Circle 311 on page 17 


du Pont de Nemours & Co. (Inc 

Film Dept., Room EM-5, Nemours Bldg., Wilmington 98, Del. 
Please send the new booklet listing properties, applications and 

types of “‘Mylar” polyester film available 








contaminate other materials. 


How can “Mylar” help you? Whether 
you manufacture heavy-duty cable or 
tiny capacitors, it will pay you to evalu- 
ate the combination of properties found 
only in “‘Mylar.’’ And when figured on 
an area basis, this tough, thin polyester 
film will often cost less than your present 
insulating material. For more detailed 
information, send in coupon. 
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Title 


_ 


Company 
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State 
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OF COURSE 
ONE SOURCE! 


for manufacture of 
base laminates and completed 


PRINTED CIRCUITS 





Norpiiesz 


printed circuits 


Only Norplex manufactures both base laminates 
and finished printed circuits ... to give you extra 
service and top advantages in control, cost and 
quality. Norplex, with undivided manufacturing re- 
sponsibility, serves you best... in developing spe- 
cial base laminates and circuits .. . and with the 
one-source-saving in costs. Write today .. . for 
information on Norplex features of 1 or 2 side 
circuitry, selective soldering, flush for switching 
applications ... or send print. 


Northern plastics 


© 


Manufacturers and fabricators of industrial laminates 
for electrical, mechanical application. 


Sales offices in principal cities. 
2nd & Market Streets, La Crosse 5, Wis 
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group can provide circuit continuity individually, as 
when a particle of foreign matter on the tracking surface 
interrupts one contact continuity. Multiple contacts also 
reduce the total contact-circuit resistance. The use of 
parallel multiple contacts in printed circuit commutator 
switches is shown in Fig. 7. These are used in high- 
precision voltage dividers having a linearity of 0.01 
per cent. DADC 


Structural and Electrical Applications 
of Aluminum in Europe 


(Continued from page 84) 





paratively simple construction. The minimum require- 
ments specified in France for transformers may be ob- 
tained with aluminum windings and appropriate magneti: 
circuits for ratings ranging from 500-2000 kva. Table 
IV compares aluminum and copper windings for two 
transformers, where the loss characteristics in the iron 
and in the coils are the same. The two transformers with 
aluminum windings are heavier though lower in price. 
Figure 25 is an example of a large aluminum-wound and 
aluminum-constructed transformer. Here, all jointing 
problems were solved by the use of fusion welding. 


Conclusions 


Aluminum, because of its combination of properties. 
is used in electrical design engineering for conductors (i! 
competition with copper), for cable sheathing (instead of 
heavy lead and steel), and for structural equipment i: 
place of steel, cast-iron and zinc-base die-castings or 
wrought copper-base alloys. It may even supply its own 
insulating coating when the oxide film is suitably 
thickened by anodizing. 

It is of special significance to recall that aluminum has 
gained a highly important place in the history of the 
world in less than 70 years. Its industrial use rise is even 
more remarkable when this life is compared with over 
300 years of zinc production and the thousand years’ 
history of copper and lead, 

This survey may be summed up by saying that alu- 
minum has been used in Europe for over a half century, 
and has proved to be an excellent conductor and con- 
structional material, giving no trouble when used 
correctly. 
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NEW SELENIUM 


RECTIFIERS 





Clip Assembly Vac-u-Sel* Rectifiers priced up to 75% less, with space savings up to 50%. 





TYPE 6RS20 


TYPE 6RS5 





TYPE 6RS6 


Three new clip assembly selenium rectifiers are now 
being produced in quantity by General Electric usit 
the Vac-u-Sel process, 

Sizes and Ratings—Type 6RSO uses 5/32” diameter 


: . = é 
cells and is rated 2.5 ma: Tvpe 6RS5 uses 9/32” cells 


and is rated 8 ma: Type 6RS20 uses 15/32” cells and 
is rated 25 ma. Each size can take from one to six cells 
depending on the voltage rating (from 37 to 378 volts 


PIV) 
Applications—Vac-u-Sel clip assembly rectifiers are 


designed for applications on half-wave. doubler. cente1 
: ' . 

tap or bridge circuits. Thev are low in cost—from 20 

t » cents each in quantity lots. Thev are designed t 


replace rectifiers up to twice as large in applicat ons 


such as smal] household appliances. instruments. lo 


ver control devices and other electrical and elec- 


For complete information. contact your G-] 
Apparatus Sales Office. Semiconductor Products 
Dept.. General Electric Company, Lynchburg, 
Virginia. 





The advantages of Vac-u-Sel rectifiers lic 
(,eneral I ectric s prec ision vac uum pro- 


cess for obtaining a pure. more even deposi- 


tion of selenium over the entire cell suriace 


This results in longer life even at high 
operating ambients and_better-than-normal 
rated current. Performance can be reliably 


predicted from unit to ur 
I 





Encircled is the tiny Vac-u-Sel clip assembly rectifier 
he vs | ] 


now bell 


ig used in the compact Sleep-Guard® Control 
Automatic Blanket. 


} ] 7 
of the General Elect: 


Progress /s Our Most /mportant Product 


GENERAL GQ ELECTRIC 
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The world’s finest machines 
are controlled from Cutler-Hammer 
oil-tight pushbutton Control Stations 


The Cutler-Hammer line of heavy duty 
oil-tight pushbuttons and precision die- 
cast control stations surpass anything 
ever before available to serve the 
needs of machine design engineers. 
Cutler-Hammer Oil-Tight Control 
Stations are precision die-castings to 
permit both base and one-hole mount- 
ing of the control units. The one to 
four element control stations are avail- 
able in either the normal depth or the 
exclusive shallow depth for use where 
space limitations are critical. 
Cutler-Hammer Pushbutton con- 
tact blocks are easily tandem mounted 
without special adapters, and use less 
behind-the-panel space than any other. 
Circuits can be arranged in any com- 





bination of NO and NC contacts. 

Indicating lights come in a wide se- 
lection of colors with either plastic or 
glass lenses. Among the many special 
operators are: Roto-Push’, the com- 
bination pushbutton-selector switch; 
PresTest’, the self-testing indicating 
light; knob, key, lever, and coin type 
selector switches; flush, long, mush- 
room head, guarded, and palm type 
pushbutton operators. ¢ 

For further information, write on 
your company letterhead for the C-H 
Master Design, Publication EL-178. 

... CUTLER-HAMMER Inc., 
1264 St. Paul Ave., Milwaukee 1, Wis. 
Associate: Canadian Cutler-Hammer 
Ltd., Toronto. 





The hinged cover on the larger Oil-Tight 
Control Stations facilitates assembly and 
alterations. Precision die-castings per- 
mit both base and one-hole mounting of 
the control units. Raised edge on the 
box mates with the neoprene-cork cover 
gasket for a perfect seal. 


MAY 1958 


Complete line of cover plates for cavity 
mounting. Compact contact blocks take 
40% less space behind the panel than the 
next smaller element... additional blocks 
easily tandem mounted...from 2 to 8 
separate circuits in any combination of 
NO or NC contacts. 
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Special Purpose 
Operators and 


Accessories 





PresTest—the self-testing 
indicating light 





Neoprene protective boot for flush 
or long button operators 





Indicating lights, six colors available 
with plastic or glass lenses 





Roto-Push—the one button control 
station with or without lever ring 
in a deep precision die-cast enclosure 





Selector switches—knob, lever, 
key, Coin 


| 
| 
| 
| 
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NEW 
MINIATURE 
AGASTAT’ 
time delay relay 


for missile, aircraft and 
electronic applications 


INSTANTANEOUS RECYCLING... 
reset time—less than .020 seconds 


UNAFFECTED BY VOLTAGE VARIATIONS . . . time delay remains 
constant from 18 to 30 volts DC 

ADJUSTABLE . . . time delays from .030 to 120 seconds 
CHOICE OF OPERATION...for either energizing or de-energizing 
SMALL . . . height—45¢’. . . width—1"(,". . . depth—1)4” 

LIGHT . . . maximum weight—15 ounces 

MEETS ENVIRONMENTAL REQUIREMENTS OF MIL-E-5272A 
This new AGASTAT time delay relay is an externally adjust- 
able, double-pole, double-throw unit. It incorporates the basic 
AGASTAT timing principle, proved by a half-century of reliable 
operation on automatic aids to navigation, in a space-saving 


miniature unit built to withstand the rugged environmental 
conditions of missile and aircraft applications. 


For specific information on the new AGASTAT relay for 
your application, write to Dept. A30-521. 


ELASTIC STOP NUT CORPORATION OF AMERICA 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing 
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New T&B PT66-M Sta-Kon’ wire joints 
with Ste Through” 
insulating caps— 

the fastest, neatest, 
most permanent way to do the job! 
Easy as 1-2-3 ; 


* brightly colored trans- 





small compact size 


] Twist wires and insert into 
heavy-gauge bronze body parent cap cant vi- 
brate . per- 


mits visual inspection 


loose 


2 Apply staking pressure, then 


trim off excess wire. 


of joint 
3 Screw on transparent plastic . 
insulating cap the job is 
done and you can SEE how 
you've done it 


wide range — solid or 
stranded combinations 
up to 3-12 AWG 
Max 


See introductory kit § 
ot your distributors... 6.90 
















Heres the tool to use 
T&B's new Sta-Kon plus Pliers 
combines standard elec 
trician’s “side cutters’ with a new 
design, wide-range installing die in 
handle for PT66-M and other A, B, and 
C series Sta-Kon connectors 












THE THOMAS & BETTS CO. -. 


INCORPORATED 
28 Butler Street * Elizabeth 1, New Jersey 


Thomas & Betts Ltd., Montreal, P. Q., Canada 
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CLOTH TRACING. §& Tracing ¢ 
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For smaller Class F equipment... 


a 
Johns-Manv 


dielectric strength 


New J-M Type 71 Quinterra’ 
Epoxy-treated to double dielectric strength 


Johns-Manville now 


era lV 


opens up at! 
with Type 71 


and 





n electrical design, 
Quinterra—the epoxy asbestos 
insulation that breaks through today’s 
limitations on ratings and size—offers 


intold new possibilities in compact 


class F equipment. 
Offers 5 major improvements 


1. High Epoxy Content (approx. 45“ 
to 50°7) provides the optimum elec- 
trical benefits of these high-dielectric 
resins and asbestos. This mechanically 
and electrically strong insulation com- 
bines the lasting inherent dielectric 
strength of the Quinterra base sheet 
with the excellent electrical properties 
of epoxy varnish. 


2. Over 700 Volts/Mil is the 
and proved dielectric strength of 
Johns-Manville’s new Type 71 Quin- 
terra insulation. This exceptionally 
high characteristic offers brand-new 


tested 





opportunities in increased power from 
smaller frames—with less metal. 

3. Thermal aging at 175C 
ably above the class F 

155C) shows Quinterra 71 offers high 
retention of properties. This outstand- 
ing characteristic of Quinterra 71 
makes it an ideal material for class F 
applications. 


consider- 


maximum ol 


4. Moisture Absorption Less than 
2%. Quinterra Type 71 resists humid- 
ity conditions that would break down 


ille’s new Tyt 


rie strength of the x 
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> 71 Quinterra insu 


irified asbestos base sheet and ep 


lation 





combines t! 





e lasting 





other insulations. Even ath 


humidities, this new insulation 


igh relative 
exhib- 
its unusually high dielectric strength! 
5. Improved handling characteristics 
Type 71 Quinterra ideal for 
today’s assembly techniques. Its flexi- 
bility lets it adapt to the 
radii of smaller equipment. 


I 
make 


reduced 


Also new Type 72 Quinterra 
for less rigid requirements 
Type 72 Quinterra 
20%-30% 


approx. 
epoxy content 


high dielectric 


offers 


strength at con- 


siderable savings. 





FOR a complete specification sheet and samples of the new epoxy-treated Quinterra, 
write Johns-Manville, Box 14, New York 16, N.Y. In Canada, Port Credit, Ontario. 
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Pvc All-Vinyl, Un. 
breakable heavy 
duty grip Caps, for 


A 2 or 3 wire applica. 
tions...dead front 
blades locked in 
solid vinyl. 


ey Za 
bay 


Send us specifi- 
cations and or 
blueprint for our 
quotation on your 
power supply cord 
requirements. 


Erecte@ic 


ROYAL ELECTRIC CORPORATION 


an associate of Internatione! Telephone and Telegraph Corporation 


PAWTUCKET RHODE ISLAND 


Manufacturers of WIRE * CABLE * CORD SETS * FUSES * WIRING DEVICES 
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COMPARATORS, OPTICAL 


Lomb 


84717 St 


Optical Co., 
3, N r. 
1STEM 


) 


r ols, Inc 4 Varick 

New York 13, N. Y 
COMPOUNDS 
Insulating ar 


Compounds 


SEALING. See 


1 Sea 


Cement, 


ng; also Waxes and 


COMPOUNDS. VARNISH e Varnishes 
‘ nd 


i Resins, Insulating 


mpounds ar 

COMPUTER COMPONENTS 

Airpax Products Fort Lauderdale 
tro-Mechar Erie Re 


é n mon ave 
CONDENSERS. See Ca 


CONDUIT FITTINGS 


CONDUIT, FLEXIBLE 
Electri-Flex ¢ KR 


PRINTED CIRCUIT 


‘ 5 S 


CONNECTORS 


\ ‘ 
Met M ‘ 
‘ AZO 1 


CONNECTORS, WIRE and CABLE 
AMP Incorpora 4k wer | 


CONTACTORS, MAGNETIC 


CONTACTS and CONTACT POINTS 


Br ‘ ( S ME 


CONTACTS, CARBON. Se 


Cr 
CONTACTS, HEATER PLUG and TAP 
Iieyman Mfg. C Kenilworth 1. N. J 
CONTAINERS 
SHIPPING 
M n Box ¢ 


Mass 


PACKAGING and 


CONTOUR PROJECTORS 
B h & Lomb Opt 

P Roche . 
Opto-Metr 

New York 


84717 St 


37EM 


Varick, 


CONTRACT MANUFACTURING 
Chase Brass & Copr 5 Sub. of Ken- 
ne Copper Corp at ry 20. Conr 
elor 3266 N 
Micronics 


Morgan. 


Wis 
General 
,oodman 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1316 8. 
waukee 1, Wis 

Allis-Chalmers, Milwaukee 1. Wisc 

Arrow-Hart & Hegeman Eleetric Co., 103 
Hawthorne, Hartford 6, Conn 

Auwmatic Switch Ce 0-M Hanover Rd., 
Flor! P N. J 

Clark Controller Ct 114 o. 152nd 

or 


Second. Mil- 


Crouse-Hinds Cx 
Cutler-Hammer 
Milwaukee 1, Wis 
Dales Co Franklin 
Akron, Ohio 
Electro Product 


Ravens 
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POTENTIOMETER 


CONTROLS. FLOAT and LIQUID 
LEVEL. = Sw 

CONTROLS PRESSURE and TEMPER 
ATURE - i s 


‘ 
Ww 
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CONTROLS 


REMOTE 
Rela a 


Sw 


CONTROLS 


nism 


SERVO 


COPPER. See Brass. Br 


COPPER 
Copper 


BERYLLIUM. & 


COPD and 
COIL 
Insulatior 
Washi 
Varflex ( 
We Zz 


TWINE ARMATURE and 


CORD INSULATED 


Cable, I a 


CORD, RESISTANCE LINE. ss 


ance Line Cx 


CORD SETS 
Belden Manuf 
Buren, Chi 
Circle F Mfg 
Cornish Wir ‘ 
York 7. N. Y 
Cords Lid. D 
Dodge, DeKalb 
General FE 


Pittsburet 0 
Wire Stripper 
East Cleveland 


CORES, POWDERED METAL. See Cores 
Transformer; Powdered Metal Pro 


CORES, REFRACTORY. See Cera 
CORES, TRANSFORMER 
Acme Electric Cor; i 
N. ¥ 


American Lava Corp Chattanooga 5, 


Water, C 


’ 
Arnold Engineering Co ngo, Ill 
General Cerami Cort easby, N. J 
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From cold to glowing in 11 seconds... 
No problem for Incoloy wire mesh! 


Incoloy mesh makes possible new = [ncoloy wire mes 
high speed gas conversion burner. ; 


. tearing. abrasior And 
Do you need wire mesh to en- war ainiie-« ser elegance 





dure this kind of severe operating 


1 
dition? _en 


Her ’s one that can: Incoloy And low cost, too 

























a 
nickel-iron-chromium woven wire : : : $+ : 
Hie It Ss priced SO iow you Can oiten Save 
nis strong,corrosion-resisting W ¢ : : : 
Uh iitecadandniiar ninsales pear e.ieiee right from the start. Its long service 
mesh stays tough and withstands com raat 
. 7 ” fen »s "oO "% r n the no 
lite means sure Savings ne i gy 
x lat y at n at nor . spating 
, oxidation even at normal operating 


run. 


“« . = ( a 
temperatures of 1900°F! 0 Oe ie nie. le k + 
So for a competitive edge, look to 


For example, you can heat the 


: : : : Incoloy mesh and other Inco Nickel 
light-weight Incoloy radiant ele- : } . 


Alloy wire cloth: 


nent, sh Wh above, uc rg ster , } 
ment much faster copper alloy, Nickel 


than ordinary ceramic elements. As 
for durability — a similar Incoloy 


heating band served thro igh3 heat- 





nickel-chromium 


special needs with its own unique 





: ; \ ck You can readily convert a furnace or 
combination of properties. ASK your hailor 4 ; samen tania ¥ Rate! Neti 
ing seasons and stayed good as new! Dnivesl art lier for detail at ee “hme n with wis high 

local supplier for details. speed gas conversion burner developed by 


Incoloy alloy is as ductile g . Abbott Eq lipment Co., sellows Falls, Ver- 
as it is durable THE INTERNATIONAL NICKEL COMPANY, INC, ™ont- Its Incoloy mesh burner head radi- 


x ates fast direct heat to the most efficient 
You'll like the workability of ductile 67 Wall Street yf@o New York5,N.Y. heating zone of a combustion chamber. 
[ a) 


ne or 


INCO NICKEL ALLOYS 


Circle 319 on page 17 








FOR SAFETY’S SAKE 


and better work, too... 


x-acto° 
surgically-sharp 
interchangeable 
blade KNIVES / 


for all es 
cutting, 
slicing, 
trimming, 
slitting jobs! 






ey. 
4 
b 
j/ 
Cutting efficiency and safety with a blade 
shaped to suit your needs. Try-out order! $1.00 
for knife handle and sample blade assortment 


Catalog of complete knife and blade line on 
request. 


If you have any special requirements for cutting 
tools, call on us at once. Our half-century of 
specialized experience is at your disposal, 


Handicraft Toole INC., 


A division of X-acto, Inc. 
48-41L Van Dom Street Long Island City 1, N.Y 


x-acto 
Tee ee 
feat gil ic 
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Zenith Automatic Transfer Switches assure full 
protection against any failure of regular voltage. 
Transfer to emergency power in a fraction of a 


second is automatic at 70% of line voltage. 

Regular power is restored at 90% of line voltage. 
, Simple design sturdy construction 

. switches lock mechanically through 
trouble-free toggle action . . . no springs, 
latches or delicate mechanisms. 
Available electrically or mechanically 
held, 30 to 400 amps. 


Send for free catalog oncomplete Zenith line. 


ZENITH ELECTRIC CO.| 


152 WEST WALTON STREET ° CHICAGO 10, ILLINOIS 
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CRYSTAL DIODES See Rectifiers. Ser 


CRYSTALS 


RCA F 
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CUTTING TOOLS 
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DIALS and PANELS 


DIE CASTINGS. s 
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| . When the conditions of service alloy. Write for technical data on it, 

, make it imperative for youto hold and let our engineers help you to 
the size and weight of magnetic cash in on its possibilities. 

cores at an absolute minimum, that’s In addition to Permendur, we 


the place to use Permendur. With offer a range of high-permeability 
it you can push the flux density up alloys, oriented silicon steels and 
to 20 kilogausses, and practically other electrical alloys that is un- 
eliminate weight as a consideration matched in its completeness. Our 
Along with its suitability forcores services also include the most 
wherever the premium is laid on modern facilities for lamination 
compactness, Permendur is justthe fabrication and heat treatment. 


Write for 


your copy 
"MAGNETIC MATERIALS” 


— fet atcap a oe — thing for sonar magnetostriction Let us supply your requirements. 
able data on all Allegheny Ludlum applications, too. We maintain Allegheny Ludlum Steel Corporation, 
magnetic materials, silicon steels 


proper annealing facilities for this Oliver Building, Pittsburgh 22, Pa. 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 


{AY 19 Circle 322 on page 17 319 


and special electrical alloys. Illus- 
trated in full color, includes essen- 
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request. 
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Groov-Pin Cort 1128 He ricks Cause aoner’ (i H M 9204 Let . Ave 
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Custom cables are made, not “born”. There Ato, Port Chester, NV Wert Virginia: Pulp apd P 
is a certain elusive balance in the design of standard. Ser staal 
every custom cable which makes it perfect Sterling Bolt We go, , Metal 


A ex D Chrysler Cor 


for the requirement . . . or which, when it's pson-Bremer & Co., Sub American ) M . . 


M & | ‘ “ Dear RK o Cores. I T 4 Oak 


missing, can prove expensive. Phalo engi- 0 ae 
uf |" “ Rivets FILTERS, RADIO 
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Aer Corr New Bedfor M 
strike the exact combination you call for. city, Pittsburgh 19, Pa Minneapolis 7, Mins, 
‘ r Ww r ( N 
R & M ‘ S. Ge } 7 ( ADE Sale 
2 4 B W OL s € N. Y 
Find out why more and nt Screw Bedford, Mallory & PR 
more custom cables come oe Wi. 5 Tool Wor Sprague Electric Co M 
‘ 1 ‘ B T D a Cor N 
from Phalo. Start by ask- | New Riche : voemer ‘ 
ing for the Phalo catalog il ~ P.O. B W FINISHES PRODUCT s 
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What's special about 


this 


Several things make this nut unusual. 

For instance, you can “stop” it at any position 
on the threaded length of the bolt . . . or 
wrench it tight against the work where it 
protects bolt threads against corrosion and 
prevents liquid leakage. No matter where you 
leave it on the bolt, it will remain tight in 
that exact position, even though you subject it 
to heavy vibration and shock loads. But 

use a wrench on it and it comes off as easily 
as it went on. The red locking collar is 
nondestructive—does not gall bolt threads 

or remove plating. You can remove it and 
re-use it again and again. 





What gives it its grip? Will it hold under ALL conditions? 


The locking principle of the Elastic Stop® nut has been tested 
and proved by over 25 years of actual field service. Elastic Stop 
nuts are used on locomotives . . . and pile drivers. They fasten 
hedge shears and harvesters, drilling rigs and washing machines, 
trucks and roller skates. And no Elastic Stop nut customer has 
ever stopped using them because of unsatisfactory performance. 


What about sizes and materials? 


1 The locking collar is 
unthreaded and elastic. 

it has an inside diameter 
smaller than the major 
diameter of standard bolts. 









\ 
N 


Ss) 


\“WSa 












SS 


2 The bolt impresses a 

















mating thread into the & m 
collar and the resulting yA — 4 Elastic Stop nuts are available from a watchmaker’s 0-80 all the 
compressive forces exert 


way to 4”—in materials that include stainless steel, brass, alumi- 
num and other alloys. Protect your product with “fastener in- 
surance.” Try Elastic Stop nuts on trouble spots, whether to 
protect expensive heavy equipment from costly downtime or to 
guarantee the accuracy of delicate electrical equipment by main- 
taining precision adjustments. We'll supply free test samples. 


a constant friction grip 
on the bolt.... 


: 


\ 


ll 


3 and exert a downward 
thrust bringing the 

lower flanks of the 

bolt thread into firm 
metal to metal contact 
with the matching nut 
threads, eliminating 
normal axial play. 
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ELASTIC STOP NUT 
CORPORATION OF AMERICA 


Dept. N82-522, 2330 Vauxhall Road, Union, N. J. 
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ELASTIC STOP nut bulletin Here is a drawing of our product. 
What self-locking fastener would 
4 Nut is removable and you suggest? 
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reusable .. . the Red | 
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% y i Name Title 
$e . tai 
Wj ——vV/ Elastic Collar retains ee 
(hl YY its grip after repeated usage. 
“pp ————= “1 Street , 
City Zone _Stote 
MAY 1958 Circle 324 on page 17 





chrome, 
thermosetting 


Send for details. 


8027 N. Monticello * Skokie, Ili 








Dress Up Your Products 
with these 


Designed by Robert Podai: 


Featuring metal inserts of 
copper, satin 
brass, gold. In a variety of 
materials, 
both phenolic and urea. 


ROGAN BROTHERS 
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these parts are made of a material that 
offers unlimited design possibilities 





If you are looking for a basic material that offers a combination of 
properties for both electrical and mechanical applications, you 
should get to know Star COMMERCIAL WHITE PORCELAIN. The 
possibilities of this amazing material are endless in applications 
requiring great mechanical and high dielectric strength. What's 
more, it’s the most economical electrical porcelain available in a 
wide selection of attractive colors . . . including the whitest white. 
Whether your problem involves a wiring device application or one 
of a mechanical nature, Star COMMERCIAL WHITE PORCELAIN 
will provide the answer. Complete data is contained in this 26-page, 
fact-filled catalog. Write for a copy today. 

Star Porcelain Company, 

41 Muirhead Avenue, Trenton 9, New Jersey. 


STAR 


porcelain company 
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The Reference Encyclopedia 
of Electrical Sheets 


YOURS FREE 


from United States Steel 





















United States Steel Corporation - Pittsburgh 
Columbia-Geneva Steel - San Francisco 
Tennessee Coal & tron - Fairfield, Alabama 
United States Steel Export Company 


a 













The Electrical Steel Sheets Engi- 
neering Manual, published by United 
States Steel Corporation, has always 
had an indispensable place on the 
electrical designer’s reference shelf. 

The latest issue—the Fourth Edi- 
tion—contains the most recent mag- 
netization, core loss and other mag- 
netic curves for both grain-oriented 
as well as random-oriented silicon 
steels. Also included in this publica- 
tion are a great variety of engineer- 
ing data along with characteristics of 
many non-silicon steels. 

If you do not have this reference 
book on hand, send for a copy. 
Write, on your company letterhead, 
to United States Steel, Room 2801, 
Pittsburgh 30, Pa. Ask for the Elec- 
trical Steel Sheets Engineering Man- 
ual, Fourth Edition. 





USS is a registered trademark 


(ss) United States Steel 
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FORT WAYNE 


HI-SPEED 
STATOR WINDER 


Winds 24-gauge to 40-gauge wire at speeds 
ranging from 700 to 1,000 turns per minute. 


Automatic turn selection from 1 to 2,000. 
Completely automatic during winding cycle. 


Simultaneous type—by using interchangeable 
oscillation cams, the machine is capable of 
winding 2, 4, 6 and 8-pole stators and takes 
stacking heights up to and including 142”. 
Adaptable for multi-speed and series wound 
motors. 


Requires 26 inches x 56 inches floor space 
(less spools), overall height is 48 inches, 
weight is 1,300 pounds. 


SEND FOR MORE DETAILS. 


Fort Wayne Tool, Die & Engineering Co. 


1029 GOSHEN ROAD 






Patents 
Pending 


Illustrated is simultaneous winder with tap pulling 
attachment for 2-pole shaded pole motor stator. 
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unique ASVO current type relays operate 
without a coil on A-C or D-C 







ASCO Current Type Relays are designed to function like 
current transformers. The load cable through the relay pro- 










Two Pole Coil-less Relay 
with Counterbalance, 






























’ showing how cable posses vides the magnetic field for operation. The broad range of 
through Relay. ASCO idjustments available in these relays, along with their versa- 
Catalog No. 15130 tility and power relay construction, has stimulated design 
: we 


engineers wherever current sensing relays are required. 


FEATURES 


Relay used to measure KVA 
in single phase 3 wire 
system by passing live line 
cables through the relay in 
opposite directions. Relay 
adjusted to pickup 

at 27.2 KVA and 

dropout at 20.5 KVA 
ASCO Catalog No. 15135A 


* Ease of installation—cable passes through relay — does not have 
to terminate at relay * Pick up at relatively low currents assured 
by highly efficient magnetic circuit * Long life and low maintenance 
costs provided by Oilite bearings * Available for either A-C or 
D-C control ¢ Pure silver contacts »* May be mounted in any posi- 
tion without affecting relay operation when equipped with counter- 
balance * Load cable up to 7s’ O.D. securely positioned by guide 
plate 


APPLICATIONS 


ASCO Coil-less Relays are used primarily for continuous 
welding operations. When so applied the load cable con- 
nected to the welding electrodes passes through the relay. 
Then as a function of the welding current the relay operates 
to control the motor feeding the material to be welded. 
These relays are also useful as instantaneous response over- 
current relays. For example, they have been used to sense 
overcurrent in both branches of a single phase, three wire 
system by passing both live line cables through the relay in 
opposite directions. In function this arrangement preduces 
a KVA response relay 


Coil-less Relay designed for 
high frequency induction 
furnace application to 
10,000 cycles. ASCO 
Catalog No. 15144 


Coil-less Relays are only a part of th @ SPECIALIZED RELAYS, INCLUDING 
complete line of Relays offered by 
ASCO. ASCO Catalog 57-S4 lists 


Reverse Current 


Time Delay 
@ MAGNETICALLY HELD RELAYS 
AC or DC .. . Normally Open 


Close Differential 


WwW i 
Normally Closed Double Throw Brake Winding Time Delay 
@ MAGNETICALLY HELD RELAYS . Electronic 
AC or DC All pole combinations Modified Arrangements 


Write for your copy of ‘Relays by ASCO’’— Catalog 57-S4. 


Automatic Switch Co. 


50-M Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 
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SEALED 





 Subminiature 


Unimax 


SWITCH 


Sealed against 

oil, water, dirt, cold, 
dampness, fuels, 

and solvents. 


The Type EAI 
environment-free 5 
is contained in a 
corrosion-resistant 
aluminum case, 

with an elastomer plunger-seal 
bonded to the 

operating pin and the case. 

It is furnished with wire leads 
of any specified length. 


TYPE 


EAI 


ELECTRICAL RATING 
: 5 amperes 125/250 volts a-c 
switch 5 amp 


30 volts d-c resistive 


> amp. 30 v.d-c inductive 


OVERALL SIZE 
7/8” x 11/32” x 3/4” 


WEIGHT: 1/2 ounce 


Write today for 
engineering data sheet 
on the Unimax EAI 


UNIMAX SWITCH 


DE ae ae ae Ee 
IVES ROAD, WALLINGFORD, CONNECTICUT 
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uolded 


BLACK NYLON 


and 


NUTS 


Acid resistant... 


Need no insulation... 


Can't rust... 


Can't corrode... 


@ CUT ASSEMBLY TIME 


4-40, 6-32, 8-32, 


10-32 and 4-20 in 


stock. Actual production samples will 
give you the whole story. Write on 


your letterhead. 


WECKESSER COMPANY 


5711 Northwest Hwy. 
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: MAGNETIC RECORDER COMPONENTS 
® Chicago 30, Ill. 
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MICA GLASS-BONDED Ss Gla 
Bonded Mica 


MICA. MOLDED and LAMINATED 


(Sheets Plate Tape, Tubes Rings 
Segments, Washers, etc.) 
Continental-Diamond Fibre A Sut 
¢ 1 Co., Newark 13, De 
Ford Radio & Mica Cory 6 
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Washington B ag 
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MICROSCOPES. INSPECTION and 
MEASURING 

Bausch & la in ‘ 2 S 
Pau R ‘ r N Y 

Opto-Metr re I 

nN York N y 

MOLDED INSULATION and MOLDED 
PRODUCTS. See Cera M 


MOLDING MACHINES, PLASTIC 
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MOLYBDENUM—(Sheet and Wire) Ss 


als Contact 
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MOTOR BASES. ADJUSTABLE 
Allis-Chalmers, Milwaukee W 


Lovejoy Flexible Coup Co is W 
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The resi s FULL COVERAGE 
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THE TORRINGTON MANUFACTURING COMPANY 


TORRINGTON. CONNECTICUT + VAN NUYS. CALIFORNIA + OAKVILLE. ONTARIO 
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A-C D-C Univ Synch 
Miniature Timing Motors, Geared x A 
Subfractional, Under 1/20 Hp B Cc D E 
Fractional, 1/20, 34 Hp F G H J 
Integral, 1 to 744 Hp. K I M 
Integral, Over 744 Hp N P 
Gearmotors Q R Ss T 
Generators U Vv W 
Low Voltages (Under 110 Y Z & 
eimai 
Air-Marine Motor I Amityville Howar I rie Ir State 
N. ¥ B Ra ¢ W ABCDEFGHQRTU VYZ 
4 Chalmers Milwauk WwW Kl Howe fF M re ( H + Mich 
NOQRL VYZ FGRKRLMNOPQRT 
Allis Co.. The Louis, Milwaukee 7, Wis. I Motors « 7 M ext 
KLNOQORL VYZ r L. I 7. BI 
PRODUCTION se aa la, Ri Mat iP ny 
Queer B Long Island City 1, N. ¥ Wa 4 Pearl KR N. 
AB Jack & Heintz, I 1 Broadway f 
WIRE STRIPPERS ° 20082" 80 Sey se 
Lou Mo. (FGKLN anette Electric Mfg. ( Morton Grove 
sarber~( an 5 Rock, Rockfor PFORLQRLY 
I BCEYZ Kear ‘ & M Ave cur 
Meet More Needs — Rekey Electric Co., 1 Main, Los ton, N. J (Ser UY " > 
Angeles Calif. « Lamb rie ¢ Kent, © BCD EF 
Rodine I rie W. Ohio, G GHIQRSZ 
ago BCDEFGHJQRTYZ&) Marat Mfg. Corp.. Cherry 4 
Solve More Problems age 13. TL (ABCDEVURIGSSTER) Marathon Elec hey er 
New York 1, N. ¥. (A Master Electric Co., D Reliance Elee 
Century } . ‘ 206 Pine. St. Louls tr 4 Er ring ¢ D 
; . ° Mo POKLNOPQRUVWYZ om FGIK LMNOPQRTIt VW 
IDEAL Production Strippers are generally oni. + America Soreng Merkle-Korf’ Gear Co. 211 N. Morgar 
known as “the fastest on the market.” What- A**. * Park. Wh center. Memeage i HL. (ABCDEPGHJQRTY 
ever your needs, even if you don’t consider me, © » pe 8g 
a ° e ° D & t t 4 Gutierr r toreséarct , A 2 
them problems, an IDEAL Stripper will give Box 1500, Santa Barbara, Calif. (1 eM 
I) { f r ic trica viv ter Ma ni 
you better work, faster and cheaper! Below | 'ch!_Manufacturing (Oo... Electrical Div. Owe ™M ’ we Yas 
is solid evidence — a condensed list of wire “ville, NJ. (BCFHKNV) (Servo) (Sere ae re 
stripping needs that IDEAL Strippers are Cedarburg Wis, (FGKL ow .CDFGHY 74) 
C Fa M ‘ Dynama Dir 307 Reliance flectrie é ngineering Co 
called upon to fill every day: ds iw, Manea, Wie. (wae Dept. 274-A,  Clevela 0 
Electric Specialty’ ¢ 21° South, Sta FGKLNOV 
R, RE, CE, AF, Redio Hook-tp, Lead-la | _“<*. Cm CO tanks Ba) ; ; m5 
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. . 5 Ss asco 1 tr tochester 2, N. Y pringfield hio ICD 5IK 
Any cotton, silk, synthetic (plastic) insula- BCDFGHYZ& Robert I Contr C Acro 
. ° - 3-M Lahoratorie 1338 N. K ) ‘ 6. oO B 
tion or rubber coverings from fine stranded “™M, 7 er eee: See a BCT 
or solid conductors up to 7/16” in diameter “ener! _Flectric o., Apparatus Sales ¥Ze) Ir M D 
. . . Plus most types of Film Insulated Wire BCDEFGHJK LMNOPQRSTU VWYZ& ivn A \ ry. I 
~ “a 7 oe “ Genera tries ¢ De GL, Elsr N 
(AWG +50 to AWG #0) as close as oO BQYZ Smith Corp, A O., E M I 
Vy" from the body of the winding or coil ‘vr. | 2 cima Raita: ae Sat eee ee cabs eke 
form. ; Hansen Manufacturing Co., Inc., Pr n graph R los Ar alif 
ABCEVX YZ FKNQ 
c . - H iom AW N. I Water Ther Electr & Machine Work A S 
Shown are just two widely used models. Six r ‘ CXZ letter Chicago 6, 1 
4 : . Ha Div. of General T Cor ‘ S Pleectr Motors, 1 i * 
other models and types are also available for } s n, Coe ABCXYZ i Calif. (FKNQY 
any degree of specialized stripping you need. "yn7e Piscsirlt Vo.. 685 Lawrence, Lawell, Wasner ieris 1h Mo. (PGKLNYZ 
We'll be glad to “prescribe” — see below, = Helipot Corp., D ee oe ee a or Linerty Ave, 
i o ; 5 Newpor i’ r 3 N . rt e 
CDEF* 1M 
H ( M r N al } OPORSZA 
a ( I Amor I 
“ROTARY' TYPE | TWIN CONE TYPE M ABCEFGHQUVYZ 
MOTOR CONTROLS and STARTERS. See Revere ¢ ‘ BK "ars 
( r , M r I Button Sta 4 N York ‘ 
4 Me r 
‘ RK r 
MOTOR GENERATOR SETS ~ 
Kato I eer ‘ sM ‘ 4 
Manka M 
saa ae a fay 444) S& NICKEL-SILVER 
s Fe A tos a g « Rod, Sheet, Tubing. Wire 
MOTORS and GENERATORS. See Motors ‘ Brass & Copper Co. 8 
Quicker, cleaner stripping of | MmoUNTINGS. RUBBER and Se LE oe ert _ 
t * — all types of film insulation. eee ss e-Alloy Metal I 
; : Wire size AWG #50 to #25. Soo MN ‘ Chicas TNE, w<peta si ene oe . e 
For high-speed production | REPLACEMENT WHEELS: x sais 
<a ; : : MENTS K IMING 
stripping of most types of | IDEAL offers top quality at MOVEMENTS. CLOCK and TIMING = 
single conductors, solid or ]} Jess cost per pair than the Wateelous Cons ; 
stranded wire up to a maxi- | average of other good quality '"* ee. De oeeenan Saene: Sone * OHMETERS. See 1 
mum of 3/8” outside diameter. | wheels. 
NAME and INSTRUCTION PLATES OILERS. See Lubricators, Oll and Grease 
cfeeenee, Samer 20 W. Main, ogciLLATORS. See Instruments 
1 ‘ id ‘ ‘ 4400 \ 
FREE CONSULTING SERVICE “y City B El Monte. Ca ' 
— SEND US SAMPLES OF YOUR WIRE ile ota aia il 
We'll put your wire samples through our Test Laboratory and Rod, Sheet, Tubing, Wire 0 
. ° a‘ B ‘ \ rbur ‘ 
return them to you with a written report, showing you our pe: . 
findings as to the best type and model IDEAL Stripper to meet } s ( V. Bern, Read 
your needs most exactly. Send us your samples now. ‘ ! & ( s of K oo 
‘ W iry = Ave Newark N 
, Os \ r B 875 McCarter 
H N ark ae PACKING. See Gaskets 
Sold through America’s Leading Distributors A er . a : - MoM N ‘ } s Dir 5 
In Canada: Irving Smith, Ltd. Montreal I 1 Cobalt Nickel a ees Ens _— 
a ra Pp e D Me nd Contro Gc ones san8e 
IDEAL INDUSTRIES, Inc. Corp., "1904 “Forést, “Attheboro, Mags a 
‘ I r ke ( r f . BS "Jatinum a "i. 
1008-E Park Avenue, Sycamore, Iilinois N York N. ¥ inum Products we F 
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Eaton Manufacturing Company automation 
line depends on CLARK Type ‘CY’ Starters 


to minimize costly downtime... 


In complex automatic machines used today, dependable 
electrical controls are essential to continuous operation. 


Typical of such machines is this automation line at the 
Pump Division of Eaton Manufacturing Company in 
Marshall, Michigan. Designed and built by the Avey 
Division of The Motch & Merryweather Machinery Co., 
it performs 132 operations on automatic power steering 
pump bodies. The control system contains 15 Clark type 
“CY” starters, in sizes from 1 to 3, designed for dependable, 
heavy-duty, long-life operation. 

Every panel component is a vital link in the production 
process. Because Clark Type“CY” starters employ an 
exclusive principle of arc-quenching, using double-break 
contacts and strong, multi-turn magnetic blowouts, contact 
life is greatly increased. Throughout industry, thousands 
of Clark starters are giving on-the-job proof that this 
means less maintenance, reduced downtime, and increased 
production and profit. 


To assure complete dependability for the control of this ma- 
chine, Clark space-saving Type “PM” relays are used for the 
hundreds of complex circuit switching functions required. 


For information on dependable Clark Control, contact 
your nearest Clark Distributor or write us direct. 


Je CLARK CONTROLLER (2 


Everything Under Control * 1146 East 152nd Street * Cleveland 10, Ohio 


IN CANADA: CANADIAN CONTROLLERS, LIMITED ° MAIN OFFICES AND PLANT, TORONTO 
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| PANEL CONTROL UNITS 
Allen-Bradley (Cx 1316 S. Second, Mi 
| waukee 4, Wi 

Arrow-Hart & Hegeman Electric Co., 103 
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N. ¥ 
Mawthorne, Hartford 6, Conr a rr a ee 
Cuark Controller 146 FE, 152nd Rock, Rockfor 
puts performance = ii ses Pate Det, See Be 
Eagle Signal Corp., 202 20th, Moline Tia anal cade ‘ 
= - t Ave Chicago Ii 
into every coil! were ,kbarie Ce. operas 8 cet Finn heat Th 
. Meinema lectr ‘ 99 Plum, Tr Newark As, De 
‘ - Cos Plastics Co 239° W ith. Cleve 
— eee s ven 2 us " ivi N. Richards, Mi ( rane Pa cay ( 6424 Oakton, Mor 
: : Ward Leonard “Hiectric Co.. 34 South. pavtes” Molding Co., Harry, 1428 N 
Regardless of type or quantity, estinghouse ilectric’ Corp... Gateway p Wells. Chicags “eae 
ag : Center, B N 40i Liberty A ees Serer eee oe , aes 
every coil is quality manufactured gh 22, Pa  weiaeltacaeBiesred a sesieie 
. . W hie > Justrument % arber-( , Gener ectr ( "lastics ve 
to your exact specifications. Cu., 1403 Rock, Rockford, 1 y Re oe ee ie 
oe 4 sn iii 
PANELS. DIAL. See Dia and Panels Ave New Rochelle, N - 
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/ PANELS, SHEET STEEL. See Shee ae 
! i 4 Fabricators " Fving a o - ' : 
} nN rz K aac? l 1413 8 Hr 2iw i 
= ES tor Ohio 


| PAPER INDUSTRIAL Midwest Molding & Mfg. Co., Gurnee ; 
j y 





j \/ ‘ Pape Co 88 Purchase, wy, \ ed Fibre < w 








* Encapsulated * Paper interleave La Crewe 5. Wis. silies 
* Bobbin * Cotton Interweave PAPER. INSULATING je ht ercial 4 
* Form Wound et tn a . x Raybestos-M ttan, I Plastic Pr 
* Vacuum impregnated tal-D Fibre. A S ee ee Ee 
* High Temperature Application et ge a I fe ce, 1 : a ; 
Also, Transformers Made To Order Pell Miner. Biata. : i gay = gs — lg . 











eae isiabtinn i Mae nes OW fayette, Ind : 
NOW AVAILABLE! New 20-page Dano Va a ‘ a ea Spaulding Fibre Co. 1 i : 
illustrated catalog including technical coil ene D tir a M ing © syivenis 1 a : 
designing data. Ir mil, N. J Broa New York N.Y 
Mar Box 1, New York 16 s e Cor River R oO a 


THE DANO ELECTRIC CO. || “iisf¢oe mo fe ee Siege ees om: gem”, 
ae er. B N ; I r Ave 
- a re I ns ‘ Pit ; Pa 







u 
93 MAIN ST., WINSTED, CONN. vi P Paper ¢ “3 PLASTICS—MOLDING, LAMINATING 
—_ New York N.Y CASTING and EXTRUSION 
COMPOUNDS 
PAPER PHOTOGRAPHIC Alk M g I 
REPRODUCTION ellu A 








PAPER TRACING See Tracing ¢ 






PERMANENT MAGNETS. 5s M 


PHOSPHOR BRONZE A ster Re 
Rod, Sheet. Tubing, Wire s Re 









, , “R I 
mofors em 
PHOTOELECTRIC CELLS and TUBES ~ \ ee 









engineered to meet your needs ee helie tie, Sa a: ee 
Grand Ave k s eo, Calif ‘ is 
Careful analysis and testing of your product together with re eee ae ig ee ae 
experienced RAE Engineers is your assurance of the best . Se ead ee ? caves ae 
motor for the job. RAE offers outstanding service and . 
quality in a large variety of motors in voltages up to 250, PHOTOELECTRIC CONTROLS Durer Pla 
and up to lg H.P. (higher for intermittent duty) with many ee eee as eg ee “eg 
gear head motor combinations. Let us put our years of a EE Sark See ae eee es ee 
motor building experience to work for you ‘ Dept. EM 4 Vese Ho ght Late 
é New York 7, N. ¥ { 










Send for the RAE service sheet r B F Nc 40) Libert ° Ave W 


t will help you supply the date I rg Pa J ers ( 
necessary for recommendations and N t rical Instrument Cort A Bldg Pitts 
prices f Daystror Ir 614 Fre ghuy Mar ‘ 


PILLOW BLOCKS, See Blocks, Pillow iT t ! 


AC/DC Universal PINS, COTTER and LOCK. See ~ shebayent 
DC Shunt wound a@ MOTOR CORP. ‘ : Skokie, I 








cs 

ee 

@ DC Series wound PLASTICS, COLD MOLDED and wen. Renone Co 
WE Geer Reduction Motors ce ao Lae ee ~—S 

@ Governor Controlled Motors PLASTICS Sa eane EXTRUDERS ~ a 
H@ Motors for Rheostat Control Ace P ast Go. 9 6s Var Wyck Express om r ‘ Gat 
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How THE SYULIGOW SS WAY wenpep... 
MAKE THE TAPE THAT FORMS A PERFECT SKIN 


\ rap a fully cured tape of this new silicone rubber 
around a cable ... in a short time it fuses into a 
homogeneous mass! Press a molded or extruded 
piece of this rubber into position and it will stay 
firmly in place. From research at UNION CARBIDE, 
the Silicones Man brings vou the world’s first fusible, 
silic one rubber. 

This new product has all the properties usually 
associated with premium silicone rubber . . . out- 
standing high temperature performance, good elec- 
trical and oil resistance. excellent reversion resist- 
ance among them. You can well imagine the many 


applications in electronics gear, high temperature 


Unlocking the secrets of silicones 


Rubber, Monomers, Resins, Oils and Emulsions 


The term “Union Carbide” is a registered trade-mark of UCC. 


locations... how assemblv work will be speeded by 


“press-in-place” construction. Here is another exam- 
ple of how the specialized knowledge of the Silicones 
Man has helped solve an “impossible” problem. 

Write for data on “Fusible Silicone Rubber” or 
any of the many other silicones products available 
through the Silicones Man. Address Dept. EL-9706, 
Silicones Division, Union Carbide Corporation, 30 
East 42nd Street, New York 17, N. Y. (In Canada: 
Bakelite Company, Division of Union Carbide Can- 
ada Limited, Toronto 7, Ontario) 


UNION 
CARBIDE 


TRADE- MARK 


SILICONES 
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PLASTICS, SHEETS, RODS and TUBES POWDERED METAL PRODUCTS. See 
AMP Incorporated, ¢ ul & Dielectrics » Bearir and Bushings; Contacts 
aviv I Pa. (D Amplex Di Chrysler Corp., Detroit 31 
Mi 

Bunting Brass and Bronze Co., Toledo 1, 

nio 
Gibs Elect ) Old Wm. Penr 

Highway Pa 
Mallory & Co P. R., Indianapolis 6 


ley Ave., Oak 


Pa 


POWER SUPPLY UNITS 


PLATINUM 
UCTS. §s 


FLEXIBLE MODULAR 


PLUG & RECEPTACLE 


LOW COST e@ QUICK, EASY ASSEMBLY 

FLEXIBLE MOUNTING « POLARIZED PLIERS and CUTTERS. WIRE 
. eae i i uct 

Exclusive Molex terminals crimped to wires, SI 

snap-locked into modules, spring-clip mounted. ee : 

Unexcelled performance for from 3 to 30 circuit ; oe en eee a 


combinations. s Minneapolis Mi 


PUSH BUTTON STATIONS 
4 n 


Write today for complete information. 
MOLEX PRODUCTS COMPANY PLUGS ang RECEPTACLES 
9507 Seovthview Avenue e Brookfield, Illinois 5 I 
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Transformers, Saturable 
Reactors, Chokes, Special 
Windings and Electronic 
Devices. Milliwatts to 50 PREV METIG OGLE 200 EQUIPBERT 
( r-Denver Co., Q I QUARTZ, FUSED 
Enge I 
F PORCELAIN = ‘ Db “5 Ra 
all frequencies 
POTENTIOMETERS. See also Rheosta REACTORS. See 


KVA, single or polyphase in 


Complete design and engi- RECORDER COMPONENTS, MAGNET 
; 5 IC. See Instr 
neering service. All modern 


. . RECORDERS, COMPUTER. See 
techniques, encapsulation, er Electr 


casting, military and RECORDERS, GRAPHIC 


commercial construction. 
RECORUERS, OSCILLOGRAPHIC 
And, we've got one asset 


you'll find especially helpful: 
WE TRY HARDER! 


Write for Bulletin 53D 


Semicond r 


r ts ronics Park, Syracuse 


| : ; jen , 
N nanium iodes yerma ur 
ELECTRAN MFG. CO sienacaeaiiaiaaniin nay 
4 . i Sili rs 


| General Electric ¢ Apparatus Sales Hoffman Semiconduct Div. of Hoffmar 
1901 CLYBOURN AVENUE + CHICAGO 14, ILLINOIS 1; _D Schenectady N. ¥ “ ee ‘ 930 «Pitner Ave 


Flectr Danvers 2, Mass 
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Ten sizes — from sub- 
\\ LAM minicture up — for a a 

wide variety of appli- 
cations — A.C. ond D.C. : 
Quality construction in- 
sures efficient opera S 
tion and long life. Spe- AA .\ 
cial features available <— 
include push rods and ‘ Vv 
encapsulated coils. \ 
Prompt service on stand- > 
ard or custom engi- i 
neered types. 

Fl all ele i ee 


Series 
k 
SOLENOIDS « COILS « ELECTRICAL COMPONENTS 


rs) 


Phone: VAnderbilt 4-3147 


Low cost — high per- 
formance solenoids. 
Ideal for automotive, 
appliance and vending 
machine app 


Miniature and 





cotions 


submini- 





qire sizes. 
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anderson controls, 
General Offices: 2777 Mannheim Rood 
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SIMPLEX 







« Clean Cutting 





e Precision Stripping 
e Fast Working 
e Easy Operating 





e Low Cost 


W 
ASK FOR YOUR COPY OF NEW BULLETIN 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
~ TOOLS * DIES * STAMPINGS * SPADE BOLTS 


19136 WEST HUBBARD STREET, CHICAGO 22, 1LLINOIS 
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international Rectifier Corp., 1521 E 
Grand Ave., El] Segundo, Calif. (Selen- 
u Germanium, Silicon) 

International Resistance Co, 401 WN 









Broad, Philadelphia 8, Pa. 

Mallory & Co., Inc., P. R., Indianapolis 
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Reprints now available 
on Ira Ritow’s 


practical guide to 


Slide Rule 


Mathematies 


H ow are you on the log-log scales with 
vectors and complex functions—not to mention 
the hyperbolics? 


“SLIDE RULE MATHEMATICS” —tre- 
printed from the March-April issues of ELEC- 
TRICAL MANUFACTURING—offers a prac- 
tical guide to the understanding of the slide 
rule and its application to engineering prob- 
lems. This 2-part article is the work of Ira 
Ritow, engineer-teacher and author of the 
popular “Capsule Calculus” and “Fundamentals 
of Servomechanism Design.” SLIDE RULE 
MATHEMATICS traces the logical develop- 
ment of the slide rule’s fundamentals and gives 
complete concise instructions for its use. Con- 
tains over 50 two-color illustrated examples of 
step-by-step slide rule settings. Major topics 
include 


e Uses of the Basic Slide Rule 


¢ Variations on Basic C-D Operation 
Trigonometry 


The Log-Log Scales 


Vector Diagrams 
Phasor Calculations 
The Circular Slide Rule 


The 20-page reprint, plus 4 practice slide rules 
printed on heavy stock for easy cut-out, is priced at 
ONE DOLLAR. Ordered in quantities of 5 to 24 
for single shipment to one address, the per copy 
price is 90 cents; for 25 or more copies, 75 cents each 
Send remittance with order (adding 3 percent for 
New York City delivery) to Reader Service Depart- 
ment, The Gage Publishing Company, 1250 Sixth 
Avenue, New York 20, N. Y. 








ren ae eee ee fe ee eee 
Director, Reader Service 
ELECTRICAL MANUFACTURING 

250 Sixth Avenue, New York 20, N. ¥ 

Enclosed is our remittance cash; check; 
for——————_copies of the 20-page reprinted article 


SLIDE RULE MATHMETICS.” 


Mail copies (postpaid) to 


PANEL SPACE LIMITED ? SPECIFY 
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Pilot Lights 
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RUGGED 


seat 
PLASTIC DOMES 


at ab ais 8) 
INSULATED 


mmr rl icy 
Pee ee) 
quick-connect 
terminals 


ra 


of pane 


A 
Dimming 

and 
<1 Non-dimming 





1-Terminal 
Pilot Lights 


for use on grounded 
circuits. Available 
with binding screw 
or soldering terminal. 





DIALCO’s expanded line of sub-miniature lights conform 
to all applicable Mil Specs. Use T-134 midget incandescent 
lamps—1.3 to 28 V. Spring mounted Lens-with-Message 
is readily positioned after installation... Mount from back 
of panel in 15/32” clearance hole; or from front of panel 
in 17/32” hole...7 lens colors...Shown approx. actual 
size (top to bottom): No. 134-3830-375-6...No. 101-3830- 
951...No. 101-5030-951...No. 109-3830-111...No. 111- 
3830-111...No. 107-1930-951 
Complete details in Brochures L-156A and L-157. 


SAMPLES ON REQUEST—AT ONCE—NO CHARGE 


ac ca. Foremost Manutacture 


et 
ne ae es 


Reg” 






DIALIGHT 


CORPORATION 
44 STEWART AVE., BROOKLYN 37, N. Y. e@ HYacinth 7-7600 





| DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N. Y | 
Icy Send brochures on Sub-Minitures C) Srustfe cy Cueshe | 
| Name Position 
: Company | 
| Adres = 
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ld he hid and less costly _ ~ Mig. <o., Gun SELENIUM RECTIFIER. See Rectifiers 
(Patent Pending) connections Nip) r ; Co W 
a ° Mi or 
redesigned with 4 edo Comn ( s SEMICONDUCTOR PRODUCTS. See 
‘ Rectifier emstnwiaates: . Pe : 
} and Crystal Diodes 
TO aC UMMC RINGS, RETAINER and SNAP 
I George I Torresiale SERVOMECHANISMS (Controls, Syn 
"hile a 36, P chros, etc Als ee Motors 
> Rir ‘ De EM MI " c Flectr 
eae SO cet f Singer M ring Co., 8 
G-M r N I x 
Freau ries, Inc., B Sean Wadena 
He (% ’ f Beck I 
S G s D ; 
The G Camde : r. 3. 2 5, ae 
aot se P Inla Ma ‘ ing Devt B 33, 
iA? N Y Kear Cc I M Ar eur 
RIVETS. See Fasteners Ger Samiti Ge Sean. & 
Rated D R Wi ue ' 
RIVET SETTING MACHINES Servome I echatro!l viv 
750 V., 50 Amp. ee ee a , Ere uve.. Westbury, L,I 
m : . . ‘ ¥ tivet & Machine Co, 943 8 “ Y 
1%6 20 Terminals |. Tedious, time consuming backing out of terminal . Aes. eles. i ee ; > bila iri 
Type “R” also screws is eliminated! Connectors are fully open Milt rd Rivet & Machine Co., Milfor I 4 Godwin Ave.. Paterson 1. N J 
= > —even with block inverted! ' Tod ' r 
ilable, with as : Mig. Co.. Judson L., Dept. I 
Sen able, Waltha Ma SHAFTS, FLEXIBLE 
10 Screws, 2. You won't lose the screws! A spring clip holds United States Gasket Co., Plastics Div 
35 Amp. them captive! ROLLER BEARINGS. See Bearings, B f The Garlock Packing Co., Camder 
and Roiler N J 
3. Add, subtract or replace sections! Ingenious, 
Curtis economical design, screw assembled, makes a RUBBER and RUBBER ee SHEAVES. See Drives, Belt 
. : 4 ad het *rod iv., W ] 
Terminal Blocks rugged, but easily modified, block ' Fe 1-4 ae a — 
Make Better oO a — = SHEET METAL FABRICATORS 
Connections— 4. Connections are secure! Bosses on underside of Aubu ar uring Co., 306-I Stack, Cox ¢ H ¥ 1 Ortaws Ave., N. W 
. ' ; : Middletown, Conn Grand Rapids 2 ict 
Economically— bar crimp wire—provide high pull-out strength! o R ace og facturing Co., Hoffman Engineering Corp., Dept. EM-9 
Atmetee ie ee K de BI D Manuf Co., 3 
7 , . Corp., Midland, Mich rk & Blu anufacturing Co,, 3122 
eeeiipIpegient Write for Literature "15 West 5ist, New York | Forrer, Cincinnatt Ohio 
ric Co., Plastics Dept.. sHEeTS, ELECTRICAL. See Steel, Ele 
nd Products — 
icago 19, Ill 
Rubber Prod. SHIELOING, ELECTRONIC 
Magnetic St ling D Perfection Mica 
Plastic Prod ‘ N. E m Ave., Chicago 22 
: . . I 
3222 N. 33rd Street, Milwaukee 16, Wisconsin $4th Ave.. Metal Textile Corp., Roselle, N. J. (Knit 
Chicag I Metallic Strips, Gaskets, etc.) 
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SHIELDS. ELECTRON TUBE 


SOCKETS, VACUUM TUBE 





Cord Plug and Insert Molding—simple and easy—with the 


., MOSLO DUPLIMATIC 


Designed especially for molding cord 

2 s“ts, and plastic items requiring inserts 

i if or multi-color molding, such as keys for 

business machines, the Model 11, 3- 

ounce Moslo DUPLIMATIC affords 
continuous operation. 

A dual lower mold allows a single 
operator to load one side while the other 
side is automatically molding. There is 
no lost time or waiting around on the 
part of the operator. 





‘ The production output of a Moslo Iustrated are parts 
DUPLIMATIC exceeds that of a larger produced on the 
size competitive machine requiring 3 to 4 MOSLO DUPLIMATIC 


operators. 

Many outstanding electrical manufac- 
turers are producing a large percentage 
of the nation’s requirements in cord sets 
and grommets with DUPLIMATICS. 
For your own cord set and insert work, 
it will pay you to investigate the exclusive 
features of the Moslo DUPLIMATI( 

We will be glad to arrange for a con- 
sultation and help you with your molding 
problems. Financing Plan available— 
Write or call today 


iVviO 





Moslo 2-Station shifting 
table permits loading one 


side while parts ore being 

automatically molded on 
' the other side 
MACHINERY COMPANY 


2445 PROSPECT AVE . CLEVELAND 15, OHIO 
Circle 346 on page 17 














Printed 


Oy see how felt * 
— | fits in with 
your 
ere products! 









Circuit 
Panel 
Let us 
show you how 
to save money 
The newest and largest plunt facility devoted to printed circuit manufacture and increase 
combined with Methode’s seasoned tooling, fabricating and processing know- efficiency with the 


how provides reliable deliveries on quantity circuit board requirements 


proper use of felt. 


Since acceptance of auto-assembly techniques, Methode has 
established superior quality and service ratings for elec- 
tronics’ largest users. Experienced personnel, the industry's 
best mechanized equipment and continuous high production 
momentum assure superior performance. 


Further, the SPECIAL CIRCUIT DIVISION, a separate entity : 
in the organization, has its only interest in the rapid service Samples and Applica- 
of sample orders, short run and military requirements. tions of Industrial Felt. 


> 3 *made to S.A.E. and Federal Govt. Specifications 


CONTINENTAL E Bes COMPANY. inc 


a 


ey ee CC ese Se a hil RD al aM La 


> 
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ELECTRICAL PORCELAIN 


built to your drawings and 
specifications. Send us 
your inquiries. 
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JIC and NEMA 12 


ENCLOSURES and PANELS 


in over 3500 sizes 


STANDARD 

SIZE & PRICE 
LIST OF NEMA 12 
AND JIC 
ENCLOSURES 
PER LATEST 
REVISIONS 
JOINT INDUSTRY 
CONFERENCE 


[ 
SEND FOR | 





Coxline Sheet 
meta enclosures meet 
or even surpass all mandatory 
ana suggested standards 
We build a complete line of performance proved enclosures to meet 
your requirements. You name it — we have all sizes — from 12" x 12 
to 60" x 90", any depth 


STANDARD PRICE INCLUDES — “Painting “Sub Panel 
Gasket and Provision for Mounting 


eo 


*Neoprene 


We also Fabricate custom Enclosures of All Types 
Any Size — Any Quantity 


H. F. COX CO. 601-607 ottewe ave... w. 


Grand Rapids 2, Michigan Glendale 8-3741 
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SHIELDS, ELECTRON TUBE 


Internationa Electr Resear Cort 
145 W Mag ‘ Burbank Ca 

Magnet Metals ¢ Hayes Ave, a 

Ca t N J 

Magne Shielding D Perfection Mica 
C N. Elst Ave ‘ ig 

I 

Magnet I B Butler, Pa 

SHIPPING SERVICES 

{ Air I Car Sa D s 
W A ‘ Tl 

SIGNAL DEVICES 

rm H ‘ Syra a 

Whe Sig te B r 
A I Bea N. J 


SIGNAL LIGHT 


I 


ASSEMBLIES See 


SILICON DIODES. s 
‘ D 


SILICONES 
4 MI 


+ ack 
A s 
i D 
i ( Midia M 
I ‘ < Sresate ‘ 
s ‘ 4 ( 
“ 
‘ F ‘ S P 
M . ‘ Ww 
I ‘ I 
N I ‘ W 
N A Ww 
‘ \ : 
S D ; 
Y Y 


SILVER and SILVER ALLOYS, s 


‘ For & 
4 s 
I S \ M 
t i Amer é 
‘8 J. Ra 
I ‘ D 
A I Ast 
k I I 4. W 
is mee 
I 
I ( 
: ¥ 
M « I I 
SLEEVE BEARINGS. Sco Bea a 


SLEEVE, SATURATED. See Tubing 
i = Braided Fabr 
SLEEVING and TAPE, ASBESTOS 
I ‘ 


s-Ma 
- 


SLIDE ASSEMBLIES 
r S \ er I 


SLIDE RULES, CALCULATING 
‘ « I r Hoboke N 


SLIP RINGS. = RK Collector 
SLOT INSULATION. S¢ Fabri I 
Mi r 


= Br Fabr 


SLOTTERS, MICA. &S ‘ 


SOCKET SCREW KEYS and 
WRENCHES 


SOCKETS and ADAPTERS, RADIO. S&S 


SOCKETS and RECEPTACLES, LAMP 





4 v-H & H } r ( 
Hawthor Hartfor ‘ 
4 } r Sa Cor r 
I 
‘ FM ( N J 
I ‘ = 4 A I cs 
a 
Drak M 4 Co W H 
‘ I 
} ‘ ‘ r mn Mate 
s D Bridgeport 2, Cons 
nited S$ Gasket ( Plasti dD 
{ T Ga k Pack Co., Camde 
NY 


SOCKETS, FLUORESCENT. See Fluore 


La Auxiliarie 


Clare & & FP... Pratt Bl 
Chicago 45, Il. (SW 


SOCKETS, VACUUM TUBE 


A ‘ Electronics ¢ 8 s 
Ave Chica I 

Mycalex Cort cA c 
‘ ! w 3 

t s Gask ( Pla T 
T ‘ k Pack ( ( 
N 

SOCKET SCREWS. Sce Fasteners 


SOLDERING COMPOUNDS 


(Fluxes, Paste, Liquids, Salts, ete 


Cha Brass & ¢ r ¢ s 
Copper Cor “ 
I Wire ¢ W ( 
} Wa I 
( k Ce A 
1 st / y 
H & H 
N Y 
K Solder (¢ \ 
I ( ( 
4 Me I 
Na Ls | 
y N ¥ 


SOLDERING EQUIPMENT 


Irons, Machines, ete 


I ‘ 4 r ~ 


SOLDERLESS CONNECTORS. See 
? Wir 


SOLDER PRE-FORMS. & 


4 S 
H & | ‘ 
k & \ 
SOLDER, SELF-FLUXING 

For § re . tr 
K rs r « Vr 

( 
ls ‘ N 

Me Pa 
Nat I ( 

You N 


Alle I < 
wauk . 
Ar ‘ M 
RK ‘| 
4 } s ( 
‘ 2 ‘ 
Ca k ‘ I 
! 4 4 f f 
‘ } ‘ 4 
Cor ( A 
Ave Ss r Park 
Cutler-Hammer, I St. J 
M a \ 
Detr ‘ ( I 
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D ri Milwa 
( ago 4 i 
( Te : pa 
’ Ss ¥ 
G t ‘ 
( 
, G I n 
Oo 
McQuay-Nor M fa 
M s 4 M 
4 ‘ 
: f 
Oak Mfg. | 
( ; 
I ( Cor Ww 
J I 
R-B-M D I 
Relay Sa I Box I , 
S a ° r N 
We g } : ( 
enter. B N 


SPEED INDICATORS. 5& 


SPEED REDUCERS and ORIVES 
For M rize t M r 
\ Cha r filw 5 
Bowma I r ‘ i 
ania A Ft \ I 
( ry ‘ I S 
M 
I Mfg. ¢ D I 
k teenth Ave., Keno \ 
( a } tr ( A 
) Sct 2 N. ¥ 
Ja } r Mfg. Co.. Mor 
uf I 
I Pr ( ( I 


SPRINGS, COIL and FLAT 









A irate Spring Mfg. Co 817 W 
Chicago 24, Il 

American Ste & Wire Div Uv. 8 
Corp., Rockefeller Bidg.. Cleveland 
Ohio 

Associated Spring Corry Brist 

B-G-R Div., Associated Spring 
Plymouth & Ann Arbor, Mict 

Barne Div Wallace, Associated 
Corp Bristo Conn 
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Alls te y ia 
Cig. Cnn Ae ST a gt BT gn Sea 


‘ _ ; ; tevere Copper and Brass, Ine., 230 Park Midget 
~ aia As Se ee ene Rel 
Tennessee ( & Iron Div.. U. S. Steel eloys 


Keying 
Reloys 


STEEL, ELECTRICAL (Silicon 


' Rotary 
1a Sheets and Strips 


Reloys 


Sealed 
ring “FD Armco Steel Corp +8 Curtis, Middle Reloys 


: ; Cc tucl Size 
D gy ge’ « Cor nos OW I Sensitive . ri ate 
Ans Recess rine I ri Reloys 
STRAIN RELIEFS. §& G ar Mercury 
STAINLESS STEEL. See § r ; a Wetted 
s UF STRIPPERS, WIRE 


ea latching 
STAMPINGS, METAL Artoe Eng wing - " 


5 “A Reloys 
» Gon Mie. ¢ 817 W k : 


; *) » sealed, fast 
Er ( 2 +4 t Syra : - 
. an. Y Stepping ‘ 


Reloys 


Hermetically 


ana sensitive 
Withstonds ex 
al I ric 1008-D Park . Delay 
: ( I ; NS let Reloys 


con Waakenen’ ew S and vibrations Plug-in, solder-hook and 
G . A ‘ Mis | West I : Timers eo 


treme temperoctures, shock 







lead type available. Meets military 
specification MIL-R-25018, MIL-R-5707C 


except-as to contact overloads 


fe : , : Ea é Contactors 
Motor Starting 
eee a bn “YieRMinaco and BOARDS Relays 
( I AM . 7 » Differential Leading <a agente ena cess aged at 
4 Spring I I 84 iffe ' 
. oot ee iden relays in stock for 24 hour delivery 
. e 
; y for CRYSTAL CAN folder 
st < ee AN ——— and our CATALOG C-8 
; elays 


ok Cambridge ‘Thermionte Corp. 453. ¢ CALL WEST CHICAGO 1100 
Ste tt eet a 2 te iene t ab. oo: lay RELAY SALES, Inc. 


S 


; ! ! : ; FOR FASTER ASSEMBLY 
ails ; ' ah ( Gene WORK. iL 
case Se ger? 


Revere Copper Brass. 1 k SWITCHES A TOMATIC and MANUAL L Td Ts) Ee F 


PLASTIC 

















































° ’ + 
s R Pr Perfect insulators for mounting sin- 
: aes : gle or group wires, tubing, etc 
‘ F ‘ unaffected by age, moisture, cor- 
af \ rosion, shock, vibration. Use as a 
( " e clamp, strain relief, clip, hanger, 
' e (fs ut fastener, strap, etc. 
STAMPINGS, NON-METALLIC ee I MILLIONS IN 
atte ie USE! 
‘ : 
Mhre A & eo" 
: I are y - i 
—s , 7 ( s K NYLON CLAMPS Strong, tough, durable and 
} Mfc. Co. F Pa M a. p VA He r pliable. Do not support combustion. Tempera- 
R ( 2 ake, M i R re Hf . j ture ranges, —60° to +250° F. Thirteen loop 
Coin — x iw r eee diameters, |/8" to 1". Larger sizes coming! 
Push But Y / f @ ETHYL CELLULOSE CLAMPS For general use. 
STARTERS, FLUORESCENT. See Flu hee ¢ Breeker P ; Tough, lightweight, durable and pliable. Tem- 
r t La A are ers, Motor: Rela Women Assemblers perature ranges, —60° to +I175°F. Twenty- 
Like ‘Em Two loop diameters, 1/8” through 3”. 
STARTERS, MOTOR. | & r s M M @ SARAN CLAMPS Very pliable and non-burning 
. eee: ee F or a" material Temperature ranges, —40° to 
oe: Ta 68 N. 3 qe +150°F. Seventeen loop diameters, 1/8” 
STEATITE. See Cerar . i pe through 1-1/4” 
Corp i t P.O . 
STEEL (Commercial Forms and Grades) Allen-Bradley (¢ 6 & § M MAIL TODAY FOR 1958 "Hi" CATALOG 
’ makes ACEFIPR - SRS ee 
Ras R A ms Ps a ‘ } 4 1 ' 
a 7 1, N. Y. (CDGHR n 
Cnat ry Allis-Chalmers Milwaukee “1g Wis RS Easy To Open : : NAME ; 
Enameling E — ( rols, Inc., 2777 Mannhe Snap Back in Shape ; fl : 
Stainles Ni td les Plaines, I ; 
Cold Rolled O 0 “leothone Flectrie Co. ASK FOR FREE SAMPLES! ! F/RM : 
Shee {1 Str S 4 rne or ACDHK 
Sheets and { S MPRT Specify Type and Sizes i DDRESS ' 
el eas oka Automatic Electric Sales Cort North- A 
‘ : : : . ake. I BCDG HLNRSTVW 1 ’ 
Acme-Newport Steel Corp., Newport, Ky. Automatic Switch Co., 50-M Hanover Rd ’ ’ 
. ADES) | b : Flort Park, N. J. (CHR 8 CITY STATE ' 
. ure Ste Cor liver ~ t f ¢ T k . 
] I rg Pa Ss E Keefe A Ww 
Amer s «& D U. 8. Steel NSW 
Sea meinen Beas tarnte Pj HOLUB INDUSTRIES, Inc. 
0 NS Deerfie Rd I 
Bar I Wa Associat Circle F Mfg =e 2 
Cor ( S-CO (KPWY 445 ELM STREET * SYCAMORE, ILLINOIS 
‘ 
MAY 195% ] 
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Clare & (CX Cc P Pratt B 
Chicago 45 Ii) SW 
Clark Controller Cc 1146 E 52nd, Cleve 
and lif 
Comar 49 Ad t 
Chicago ne 
Controls 1_ Soreng 
Ave 8s I ABELPS 
CAST prank, a ee 
brook, ¢ 
4 Crouse-Hinds  ¢ - oa 
( »SV 
Te ed Me) MM eee coy eu ao 
Cutler-Hammer, Ir 1264 St. Pa Ave 
Milwaukee 1. Wis EGLPW) 
aa nt a Dales (« Frank 80-184 E. M 
Akron, Ohi 
Daven (x 6 W Mt Pleas t A 
Route 10. Li Z ” N. J 
=e ncuant Geniscia Caw. Div, of Amer 
Standard I A Detroit 
8. Mich. (P) 
Durak« Ir k ar I dD 
tagle Signal Co th, M I 
Met £ I Ss B ( f 
Sna Sw Mf { 
Lake, Ct g BNOPSVWY 
Electro Sw ‘ \\ th && M 
HPRSW) 
Fas Industrie I R ester N. ¥ 
EJO 
e F nas Electr ( McK I 4 
s D i L é [ n : 4 , . of M 
= | i « ‘ Constr 3 
Genera 4 . s D 
Among the many forms of “Teflon” ee ae, 
now available to the design engineer, | Vs" FT cron 
Cast “‘Tefion’’ Films are outstandingly Hast Menten 2 ee 
distinguished by their unique qualities: § =| ayion Div. of General Time ; 
high dielectric strength, zero void con- Heinemann Electric Plum, Tret 
tent, complete freedom from stresses, 5 Satberenetes . 200 Eimwood 4 
uniform physical dimensions, chemi- lemmings Radio & nerioe 4 s 
cal inertness and high heat resistance. tose 6 Calif. x cs 
Available in thicknesses ranging from S. Cicero Ave., Chicago 38, 1 8 
0.00025” to 0.004”. Your inquiries are = {Leland Ine, G Webster, D 
invited. saree akaaned ae 
| MrQuay-N . M ae r ( 2329 
Mar = ls M EJ 
= I GONPSWY 
a, ALLEN BOULEVARD, FARMINGDALE, Li, MY. M Industries Production Co.. 2 
*Trademark du Pont ‘‘Tefion” TFE resin. ae 5 ae . ‘ 
4 DEF 
Circle 353 on page 17 ' ; ‘ 2 Fe I 
} 4 178 E ( e 
| ‘ RPY 
MARK WIRES PERMANENTLY! [)o2088. os coc co 
s io vir i . Be. Co r 4 ‘ 
| a vr j tT x < 
Easy To Apply Metal Tags, replace | REM D 
Obsolete String and Paper Methods is = Bor 1 P 
/ - R -tshaw-¥ Cor re ‘ 4 
J Y me, — o ware i 
/ ‘ 
/ ‘ | ul ' 
J } - 2 | } = . I ; 
/ ie ‘ Ml t 
O} |I' Eh 
@ Aluminum, steel, brass, | + va R 
or zinc. is I I P n. 
@ Big variety, mony 5 / | s I 
styles, and sizes a ener aoe ad 3 
@ For aircraft, radio, tele- a L | ay c_& 3 Wor s 
phone, motor and Cs I en See ee I 34 W 
generator monufacture, FREE SAMPLES AND FOLDER LISTING Monroe. Redford. OF v 
etc. ALL STYLES AVAILABLE ON REQUEST It x Switch Dir. The W. 1. Mars 
| Corr es Rd.. Wallingford, ¢ ) 
NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport, Kentucky [| “sp'fomer’ Plowy Cae gdh, Sout 
Westing a Flectri Corr Gateway 
| Center, B 401 Liberty Ave 
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Reader Inquiry Service OVRONRGS, See Servemantes 


TACHOMETERS 








7 “- | iat b 794 
Postcard return cards are provided on page 17 as a con- eg ei eg 
venience to the reader in obtaining RI Ef 0 
| I < Rar ( 
G } rie ¢ Appara Sa Div 
New Components and Materials | we Noo L 
Additional data from the supplier of any item reviewed. = 9 . a 
| D ‘om 7. & 

° . - . | Wee - ‘or 
Literature for the Design Engineer ae ee ee 
A copy of any manufacturer’s publication reviewed a Ave., Newark 5. N. J 

; . TAGS, TERMINAL 

Feature Article Reprints | National Band & Tag Co.. P. 0. Bos 

Single copies of selected feature articles. Fg 4 
br N J 

Advertised Products | TANTALUM 

More information on any product or service described. | Fansteel Metallurgical Corp.. North Chl 

| Mallory & Co., Inc, P. R., Indianapolis 

ety 


TAPE. ADHESIVE and COIL 
FASTENING 
Ir ation Manufacturer ‘ [ W 
Washington Blvd., Chicago mM! 
Jot M D Brand I ucts 
7800 Woodlawn A Chicag Il 
Kenda ‘ Polyken Sa dD Ww 
Jackson B Chicago 6, I 
M ta M ng & Mr c Electr i 
Pr ts D 900 Fa A St 
I M 
I LeP I St H way 25 
New I wick N J 
TAPE. FRICTION and SPLICE 
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TAPE. INSULATING. See Fabr In 
s , Ta 4 
I Frict nd 8 Tape and 
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TAPE MAGNETIC RECORDING See 
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TAPE, MICA. See M 
TAPE and SHEETING SYNTHETIC 
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TELEPHONES 
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TEMPERATURE CONTROLS. See ¢ 
tr I” erature; Rela 
Sw Ther Ther ‘ 
TERMINAL BLOCKS & Str 


TERMINALS. §& I 


TESTING CHAMBERS. & ‘ 


TESTING 


INSTRUMENTS. See 
4 I 1 


THERMAL SWITCHES. s Sw 


THERMISTORS 
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a 403 Rock, Rockford, Il 


THERMOPLASTIC WIRE. See Wire 


Cable, Insulated 
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TIMERS, MOTOR 
AEMCO, 1] State, Mankato. Minr 
4 ‘ 2 8. Secor M 
k wi 
( Ar A 3 5 
A S Park, I 
( ‘ Bor 8 Ce 
Eagle Signal Corp.. 2 M 
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TIMERS, SPRING ACTUATED 
Elgin Na al Watch Co.. Micronics D 
Elgin, Ill 
TIME SWITCHES, See Switches 
TOOLS, PORTABLE 
Barber -( Co.. 1803 Rock, Rockford 
Hardness Testing) 
Gardner-Denver Co., Quincy, Tl Pneu 
T a as & Betts Co Ine 28 Butler 
Elizabeth 1, N. J. (Terminal Tools 
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POWER CIRCU I auxilial to N.O. and Dimensions: 

Sy ies ; vA for visual « audio release Width: 1.653 
Allis-Chalmers, Milwauh 1. ow ndicatior Thickness: 422 
a ‘ ' 7 Height: 1.929 
Com \ Prevents re! é ration under 
par ooh, 5 SE CMTE SORES. Se Write for 

uf p € supply : 

Electric ¢ M equipment : Bulletin 58 

' Mig. « E-T-A PRODUCTS CO. OF AMERICA  E-T-A PRODUCTS CO. OF CANADA 
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Hew D Electric Go., Milwaukee 1 Chicago 30, Illinois Montreal 1, Quebec 
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a i POWERTRAN 
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FI & M ‘ s Operating from 115v., 60c., 

< ‘ ‘ this tiny supply furnishes a 

I source of well filtered d.c. 
for transistor, bias and file- 
< M ment supply applications 

' er ‘ Fixed output voltages in the 

range 5-50 volts ond cur- 
rents from 15 ma. te 2 amps 
TRANSFORMERS, VARIABLE may be obtained. 
VOLTAGE | TYPICAL OPERATION 
~ dae — ree | ae 35 me. 
( r ( A % Reg.—+> 2.3 
wife. : " % Ripple—O.3 
‘ : Temp.— 4 te +85°«. 
D F M Size— 
CA E r Dis I 1-5/8" x 1-3/4" x 2-1/8 
Stands k = Price—$45.00 
rd, Da o FERROTRAN ELECTRONICS CO. 
TRANSMISSIONS and PULLEYS 693 Broadway, N.Y. 12, N.Y. Algonquin 4-5810 
., "ley e ¢ ‘ | 

wn ago 44, Tl. | Circle 356 on page 17 
TRANSISTORS and CRYSTAL DIODES | 
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I > : Rew Cor F close adjustment (AC or DC) 
ter na % 7 tance. ‘ c 4 N . 
oe MEN CRM LIST M Lite US 
s E ectr Cc 7 Mar a North 4 
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. ; - = Da s ‘ T xas ; = i | te 
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TUBE PARTS (Electronic See Ele 
“nie ube Conpone PUTO Me RG GR GU ECR es arate 
General Electric Co., Tube Dept.. 8 7076 Glenwood Ave., Chicago 26, III. 
tady N. ¥Y [oe tb seme als 
RCA Electron Tube D R ( f 
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TUBES, ELECTRON (industrial) McQuay-Norris Manufacturing (©o., 2 
Amperite Co ne.. 561 Broad . Ne Marconi, St. Louis 10, Mo 
Yy + N a Broadway Mercoid Corr 4201 Belmont Ave., Chi 
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Chatham Electronics. Div. of Tung-Sol syinner Electric Valve Div., New Britair 
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Ee Cee. 2 No. 8. 401 Liberty A 
Schene Pittsburgh Pa 
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| us Ir : : wv x > ~ eC 
oO, | Tol mee “AREER 
Acme Wire Ce 255 Dixw Ave New 
Ht \\. COMPOUNDS wi gees SE ia De 
Lt ait znd. New ¥ K N.Y wi : 
iil | TUBES, METALLIZED GLASS. Se meee a - Gants I 
Glass. Technica Borthig Co.. inc., George ( i 
| Zophar Waxes, resins and compounds | TUBES PHOTOELECTRIC See P Dow Corning © rp... Mi na M 
¢ tr Ce and s ne 
| | | to impregnate, dip, seal, embed, or pot ce ; iv Nemours & Co.. (Ine.). B. 1 
Ss, > 7 ) P Db 
| | | electronic and eiectrical equipment or Se ee a acc wt! Del. 
| | | components of all types, radio, tele- a. benicel¢ es 
: 32 vision, etc. | TUBING, ALUMINUM. See Aluminum ¢ dee ee ; 
1 | : 3, BRAS NZE and COP- Insillation Manufacturers Cor ’ 
| | | Cold flows from 100°F. to 285°F. plain | YER. ‘see Brass, ‘irnze and Copper. | Washington Blvd... Chleago 6, Tl Be 
‘eg } ge cas Co. @ Ar Terr a or ; ' 
| or fungicidal. TUBING, FIBRE. See Fibre ton 11, N. J es ee i 
. . 5 ls ‘ al I 7 N. Silst ry 
j | | Special waxes non-cracking at —76°F. | TUBING, LAMINATED METAL seo Ate. Mesoer Park } 1 : 
: 3 , j L, ated a i 3 ase —a ts D : ¥ a nee - ; ’ 
Let us help you with your engineering | TUBING, MICA. See Mica ee ae ee ae 
| i | problems. | TUBING, NICKEL and NICKEL ALLOY. v oe General Ind 
See Nick and Nickel Alloy ( i Ohio 
| | | For immediate service contact: Carbide Corp., Si s 1 
| | | L. E. Mayer, Sales Manager | TUBING, PAPER yn ngton A New York 17. N.Y 
A. Saunders, Technical Director , 4 and Cor er ( é Bar Genter. 1 40 oe 
| | | H. Saunders, Chemical Laboratories conten as ct Fibre. A Bub. of The I r Pa - 
a in Sak 1, fe. Zophar Mills, I 112-130 26th, Brook- 
| 1 \ Phone SOuth 8-0907 Paramount, Paper ‘Tube Gorp.. 612 Lafa N.Y 
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TUBING, SILVER. See Silver and Silver = En Paints and Var 5, | 
Alloys. ing 
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| eet eins Seer eee Sees Coons | 
Behe 26th Saat te eee ae = pays rage V-BELTS. See Drives, Belt 
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Fully Automatic -- Air Powered — SPEEDCRAFT son: ineee. domes Ce, toe ane. Me 


CABLE STRIPPER ot rere y eebebetewe 


Can be built to strip any size or length 
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Backed by 30 years experience | WAXES and COMPOUNDS 
TUBING and SLEEVING, EXTRUDED Bakelite ‘ Div fl Car 
PLASTIC E. 42nd, New York 17. N. ¥ 
order ‘ : lent & . > - tsiwax Corr 344 ward, Skok I 
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COST ee to ' WEDGES and PEGS, ARMATURE 
Precision built to last a lifetime. An abundance of power at tremendous Natvar Cor Re 7 Ra ph Ave., Wood- I sulation Manufacturers Cort Ww 
epeed with no damage to copper strands — easy to operate — always in New oo ee ood Finishing ¢ Electr N “ : ¢ ; Biv . Chicago 6. I 
service. No repair parts except knives ever sold. Send 3 foot sample and ” ‘Ins lati n Det Woodbridge N. J ee 99 D anized Fibre " ” 
stripping specifications for full data. Phalo Plastics Corp., Cor reial & Foster : . 
Worcester 8, Mass. WELDING EQUIPMENT 
WIRE STRIPPER co 1729 EASTHAM AVE., & Skok ae I rs, 8027 N. Monticello Ave.. Goes) Electric ¢ Apparatus Sa 
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N. ¥ tevere er and Brass I 2 ark 
| Unite States Gasket Co.. Plast! Div. of Ave rk 17, N. ¥ 
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3, Ind g Machines 
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> | American Brass ¢ Waterbury 20, ¢ 
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} 2 es ie . orp., Rockefeller Bldg leveland 
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g } terson B Dayton 2 > —— . . 
r Efficient in gy J Write for | Lake. Chicago 44, Il Chase Brass & © pper. S { Ker 
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| General Electric Co., Apparatus Sales Di yi Db e Copper Products Cory 2 
1 Schenectady 5. N. ¥ Park Ave., New York 2 N y 
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Riverside- Alloy tal H. K. Porter WIRE, MAGNET | 
a Ne sve N. J 7 , Acme Wire Co., 1255 Dixwell Ave., New | . ae , —o 
R ‘8 Sons Cort 1 A., Sub. of Haven 14, Conn 5 ee Eee ios 
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er ¢ 25 H Chester, N. ¥. (TK) won” “auesteitios s 198 Main | 
Conr ATX Ta 
Cornish Wire ©o., Ir Church, New 
York 7. N. ¥. (BT WIRE MAGNETIC RECORDING. Bee 
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8, Ma Tx WIRE TIES : 5 a Peer eer 
Electr + I 42 Fifth Ave New ‘ f ’ , rs 4 . : Ste ore 
\ York 17, N. ¥ e e 
Plastoid Cor 42-61 24 Long Island 
( N. ¥ WIRING DUCTS. See Ducts, Wiring 
Rock % Products Corp.. New Haven 4 
ae AT WIRING HARNESSES. See Harnesses 
R z's Sons Corp.. John A., Sub. of 4 Wir 7] 
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Reprints now available 


. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
63 Pavilion Avenue Providence 5, Rhode Island 

















on Ira Ritow’s 


practical guide to 


Slide-Rule 


Mathematics 
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DYKEM 
ht 1) 


This two-part article, concluded in this month's 
issue, offers a really practical treatment of the 
theory and use of the engineer's prime com- 
puting instrument, the slide rule. It includes 
well illustrated instructions for the use of all 


. . ; Popular package » = 
conventional slide rule scales and the circular 8-oz. can fitted with = 
Bakelite cap oe = 
rule. soft-hair brush for > =a 
plying right at benc = 
—— ano ready for = 
; : : . t a few minutes. = 
Reprint copies of the complete article are avail- The dark blue background = 
able at $1.00 each; in quantities of five, 90 cents makes the scribed lines 
: oe 5 show up in sharp relief, = 
each; in quantities of twenty-five, 75 cents each. prevents metal glare. In- = 
Send remittance, adding 3 per cent for New York SS ae 
City delivery, to Reader Service Department, The 
a : Write for sample 
Gage Publishing Company, 1250 Sixth Avenue, 


on company letterheod 


New York 20, N. Y. 










2303F North 11th St. « St. Louis 6, Me. 


MAY 1958 


Circle 363 on page 17 343 














344 


SIGNALS 
CRYSTAL CASE RELAYS 


HIGH TEMPERATURE 

UP TO 125°C AND EXCES- 
SIVE VIBRATIONS 
2000 CPS. AT 20 G. 


Consistently high reliability inherent 
in design and performance 








These new Wheelock Signals Crystal 
Case relays will solve all your space 


problems! Our engineers designed 
precision-made relays smaller than smaller 
about the size of a quarter . lighter 
than lightweight approximately .35 oz 
and sensitive enough to millisecond 
operation, yet so rugged to withstand rigid 
military environmental specifications 
For consistent reliability, extended life and 
never-failing performance, specify Wheelock 
Signals Crystal Case relays for your elec- 
tronic applications. We will help you solve 
your relay problems we will gladly 
recommend the relay to suit your needs. 


these 


Write for additional 
plete specs. 


literature and com- 


SIGNALS 


RELAYS LONG BRANCH, N. J 
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Exacting physical requirements such 
as fatigue resistance, tensile strength 
and drawing properties are easily 
met by SOMERS, where complete 
facilities include a modern Iabora- 
tory equipped for chemical, elec- 
trical and performance testing of 
all SOMERS THINSTRIP—both in 
process and before shipping. 


The latest electronic gages, controls 


and other 


precision instruments 


gucrantee uniform quality every 
time in nickel and its alloys from 
.020” and copper and its alloys 


from .010”, both down to .000175”. 


Special requirements are “run of the 
mill” for SOMERS. Write for confi- 
dential data blank or field engineer. 
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Somers Brass Company, Inc. 


BALDWIN AVE 


WATERBURY, CONN 
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Circle 365 on page 17 











SPACE IS VALUABLE... 

















... on the front 
of this 


PRECISION 
| SYSTEM 
= ANALYZER. 


that’s why you'd 
expect to find the 


: A.W. IRIAYDON 
‘” ELAPSED TIME 
INDICATORS 


Here! 
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You, too, can afford the space to keep 
track of time! From now on, these eally 


small (1%) Elapsed Time Indicators will 
keep company with the best of Electronic 


Miracles 
Ihe enlarged panel illustrate how the 
A. W. Haydon Company's Sub-Miniature 


Elapse 






Syster 





matic 


Lechnical 


ype units read up to 2.500 






hour increments, while the 





read up to 9999.9 hours 


uur increments. Designed for 








itions, these 442 ounce units 
ible panel space in industrial 
ind electronic applications. The 400 cycle 
models now in production are described in 


Sulletin AWH ET 602 
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_A.W-HAYDON Company 


234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electro-Mechanical Timing Devices 


346 Circle 366 on page 17 
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THE MASTER ELECTRIC COMPANY 


DAYTON, OHIO. U.S.A 
DIVISION OF RELIANCE ELECTRIC & ENGINEERING CO 


PATENTS PENDING 


Regular and Specialized 
Package Drives — 


8 THRU 400 H.P. 


Your drive requirements are peculiarly your own—and you 


a 
ae 


want ultimum performance, not compromise. So it’s only good 
sense to talk over all drive requirements here at Master, where 
you can literally write your own ticket while choosing from 
the widest selection in the nation. 

If one of our standard motors (1s thru 400 H.P.) doesn’t fill 
the bill, you'll find that all specialized Master components are 
engineered to form a combination of units in one streamlined, 
compact package of efficiency. And that’s whether you need 
something special in gear reduction —electric or dynamic 
brakes — variable speed operation — fluid drive or special 
mountings! 

Three more things you can figure on! All the engineering 
help you want — quality control as you’d want it — honest 
deliveries. When can we get together? 

Motor Ratings thru 400 H.P. All phase voltage Speeds 
Motor Types Squirre e p ring I ronou Installation 
; Power Drive 


Features 
Construction per 


ty a 
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YOU PICK THE FIGURES 
THEN FIGURE ON MASTER 


THE ELECTRIC COMPANY 


ELECTRIC AND. 


Circle 102 on page 17 
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New Product Announcement 


STEM@GED TYPE MX THERMOSTATS 


4 


especially designed for missile, avionic 
and clectronic applications 


New Stemco Type MX Thermostats are miniature snap-acting units designed 
to open on a temperature rise. Being compact, lightweight units able to with- 
stand high G’s under wide ambient temperature ranges, Type MX thermostats 
are ideal for missile, avionic and other electronic applications where close tem- 


perature control is mandatory. 


Basic design flexibility of the Stemco Type MX Series means the units can 
be supplied from regular production runs in a wide variety of models, both 
semi-enclosed or hermetically sealed. Ceramic or metal bases for semi-enclosed 
units, round enclosures or CR-7 crystal cans for hermetically sealed units 
Several types of terminal arrangements, mounting provisions, brackets, etc 


are available. 


Stemco Type MX thermostats give you performance . small cubage . 


rugged reliability ... at a production price. 


* 2° to 6 F differentials available 


STEVENS manufacturing company, inc. 


Mansfield, Ohio 


THERMOSTATS 


Circle 133 on p-ge 1? 





